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Abstract
The aim of the industrially situated research was to examine the decision-making 
processes in the supply of water within large urban areas and Megacities, where 
problems of water stress are particularly acute, in order to understand and hopefully 
improve the methods used with the objective of enabling changes to reduce or minimise 
negative environmental impacts, by the development of decision-support tools or 
methodologies. The issues of social and economic water stress and environmental 
degradation through urbanisation are particularly severe in developing countries, but 
there is a need to provide long-term solutions that are sustainable, rather than reactively 
engineering the way out of crises. Mechanisms are needed that can offer methods to 
rebalance the environmental, economic and social dimensions of water management.
Through synthesis of literature, expert knowledge and experimental research, the 
following proposal is made. Decisions regarding the management of water should 
involve engineers and managers whose responsibilities it is to maintain adequate water 
supplies and protect the aquatic resources, and also the users of water (the customers) 
who form the main stakeholder group. To adequately adopt demand management and 
sustainability principles, it is necessary to integrate societal information (particularly 
that generated by the users themselves) into the range of information and data typically 
available to the water professionals for the purposes of strategic and routine 
management of> supplies. In order to address this, a range of tools must be developed 
that are able to deal with the inherent uncertainties related to the measurement methods 
and the dynamic nature contained within such data. Part of the process of managing 
uncertainty in societal data is systematic collection, and use of quantitative analysis 
methods that are adapted for coping with fuzzy information. Quantitative attitudinal 
data and qualitative focus group style interview data has been collected and analysed in 
a novel way through using corpus linguistic techniques. The results show that unique 
and exploitable knowledge regarding demand patterns for water, and likely water usage 
behaviour, of user stakeholders can be rapidly obtained in this way.
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comments are enclosed in quotation marks.
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Executive Summary
Project Background
The project was initiated in 1996 to examine the decision-making processes in the 
supply of water within large urban areas and Megacities, where problems of water stress 
are particularly acute. The primary objective was to understand and hopefully improve 
the decision-making methods used, to enable changes that reduce or minimise negative 
environmental impacts, through the development of decision-support tools or 
methodologies. This was set up in partnership between HR Wallingford Limited, a civil 
engineering consultancy specialising in the aquatic environment and water industry 
issues, and the Artificial Intelligence Research Group at the University of Surrey which 
has conducted much research into decision-making through the computer aided 
examination of specialist language, amongst other techniques. A tandem project was 
run in parallel to look at decision-making for sanitation in similarly urban environments 
and was completed in 2001 (Miles, 2001). HR Wallingford’s motive for involvement in 
the project was that their core business is offering expertise to the water industry, and 
they have a long history of involvement with international projects. The issues of water 
stress (social and economic) and environmental degradation through urbanisation are 
particularly severe in developing countries, and significant project funding has been 
made available by organisations such as the World Bank to aid countries in improving 
water supplies in cities. However, there is a need to provide long-term solutions that are 
sustainable, rather than reactively engineering the way out of crises.
Within the water industry, both economics and environmental concerns play a 
fundamental role in the core business of water supply, to a lesser or greater extent. 
There remains, however, an imbalance due to the lack of true integration of social 
elements within water management: “In the conventional paradigm, water development 
was a problem of engineering, hydrology and large project construction” (Stockholm 
Environment Institute, 1998). One of the main problems is that social science may be 
seen as somewhat of an unknown area to the managers and engineers who control 
water, and they are therefore at a disadvantage in attempting to implement sustainability 
measures. To overcome this, there needs to be a meeting of minds, ideas and
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knowledge so that an effective communication link can be established between water 
professionals and those involved in the societal aspects of sustainable development. In 
order for this to happen, mechanisms are needed that can offer ways to rebalance the 
environmental, economic and social dimensions of water management. It is suggested 
that using techniques often associated with knowledge management, particularly in a 
decision-support context, can provide such devices. By looking at the knowledge held 
by all stakeholders rather than examining isolated ‘data’, ‘statistics’ or ‘procedures’, it 
becomes somewhat easier to understand where the differences and common elements lie 
and hence provide a basis on which to make decisions which can aid the integration of 
diverse ideas and opinions in a practical way. Hence, the utilisation of stakeholder 
knowledge provides decision-support for the aims of improving progress towards 
sustainability.
The research has concentrated on two main areas: the principles of water supply 
management theory and practice, and where the links to sustainability lie; and 
theorisation about how cross-disciplinary approaches to decision-making in a support 
structure can enhance the process and simultaneously improve progress towards 
sustainability goals. A main contribution has been the collection and assessment of data 
in order to examine methods of utilising user stakeholder knowledge to further the 
abilities of the water manager to make decisions that take account of user needs, and 
also allow interaction with stakeholders in line with the aims of a sustainable, 
inclusionary process.
Aim
From the outset, the primary aim of this project was to develop improved decision­
making methods to improve the environmental performance of water supply 
management. Through initial research, this aim was refined to examine practical 
methods to improve the social sustainability of water supply, and in particular demand 
management, through using advanced computer-based decision support tools to aid 
water managers in strategic planning of water supply systems. This is broken down into 
two main elements; the social data and demand management aspects and the computer 
tools that can be used. The developed aim was to show that by adopting a cross-
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disciplinary approach to using certain techniques associated with the computer and 
social sciences, one can generate synthesised knowledge that can lead to increased 
sustainability by improving decisions oriented in the uncertain and fuzzy consumer 
oriented demand side of water supply systems. The methods of demonstrating this 
involved literature review, data collection, and experimentation.
Goals and Objectives
1. Review literature, gain understanding
Examination of literature on urbanisation, water resources management, 
demand management, sustainable development, decision-making and 
interviews and discussions with experts and practitioners led to an 
understanding of the pressures faced by cities and the organisations that 
manage water supplies when faced with limited natural, financial and human 
resources. In particular, a better understanding was gained of the issues 
surrounding the economic treatment of water and how this can affect the 
social and environmental consequences of its resultant availability and 
quality, and how demand is related to the perceptions of the users and their 
values (translated as a willingness to pay). An understanding was gained of 
how the conventional paradigm of demand-led supply is being challenged, 
but that there are certain technical and organisational limitations and barriers 
to jhe  effective adoption of Demand Management (DM) principles, not least 
of which is adequate information. Decisions are based on information, and 
therefore any means available to both increase the available information and 
render it more digestible can increase the chances of the necessary steps to 
adopting DM principles being taken.
2. Experimentation
Examination of data availability and the nature of the sorts of information 
needed for effective DM strategies revealed that a particular issue was 
uncertainty. In order to deal with uncertainty in a systematic way,
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investigations were carried out into a number of computer based techniques 
that might possibly be used in ways to assist decision-making, paying 
particular regard to the potential for modelling domestic water demand in 
order to examine the potential of DM strategies and measures.
3. Data
Two forms of data were gathered: one through the conducting of a social 
survey via postal questionnaires to a community of largely affluent residents 
in a town situated in the Thames Valley seeking their opinions on a range of 
issues related to their individual consumption and water use behaviour -  this 
was a novel survey in terms of the content of the questionnaire and its 
relation to demand management issues, and also in terms of target 
population; and secondly by conducting several focus group style interviews 
with residents of the same town and employees of HR Wallingford. The 
interviews were structured around questions similar in nature to those used 
for the social survey, but exploring themes in greater depth and allowing 
participants to explore ideas amongst themselves. It was highlighted that the 
focus group style interview participants awareness of issues related to water 
supply and use was often increased as a result of these interactions, 
supporting the assertion that this style of stakeholder engagement not only 
forms an inclusionary process, but can be a powerful forum for reciprocal 
kn6wledge exchange.
4. Analysis
The two data types collected were assessed using a number of techniques, 
focusing on simplicity for the sake of transparency in a decision-making 
context, and attempting to manage the uncertainty in the data. The 
quantitative social survey data was analysed using statistical techniques 
commonly used in the social sciences, and an attempt was made at utilising a 
method developed primarily for combining confidence estimates of expert
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opinion in heuristic based expert systems to combine variables that appeared 
to be related or supporting a particular assertion.
The focus group derived data, originating from spoken word, was analysed 
using linguistic techniques refined in a computer based toolkit developed at 
the University of Surrey, which utilises corpora to compare texts of differing 
origins by examining word frequencies, lexical structures and user defined 
criteria. The novel nature of this analysis is due to the source of data being 
examined (being spoken word compared to written word, which are 
qualitatively different), and the content of the corpus used for analysis.
5. Design
A conceptual decision-support model was developed which encapsulates the 
variety of information that should be involved in sustainable water 
management. This conceptual design (shown below) forms a basis from 
which to develop further the ideas explored in this research and, as part of 
future research, develop a working prototype decision support system 
capable of handling the uncertain data of water demand. The toolkit utilises 
expert knowledge from a variety of disciplines in order to bring them 
together in a unified system, but the flow of knowledge is sequential in order 
to maintain a systematic approach. Part of a system design specification for 
a decision support system derived from a conceptual model such as this, 
shpuld include comprehensive documentation and reporting tools written in 
an accessible way so that all stakeholders are given the opportunity to 
understand the strategic processes of decision-making so as to develop 
informed opinions and be given the opportunity for full inclusion.
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Summary of Key Contributions in the Field of Environmental Technology
1. Identification of the aspects of water demand management that correlate with 
sustainability and the data requirements needed to effectively apply demand 
management measures for the purposes of sustainable water supply 
development.
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2. Identification of the need to use ICT in a decision-support context as a Clean 
Technology to improve the management of processes leading to sustainable 
water demand management.
3. Assessment of the gaps in current water supply management practice and a 
resultant identification of the need for a cross-disciplinary approach in 
attempting to bridge them.
4. Assertion of the need for a new paradigm with an associated ‘toolkit’ in the 
involvement of water user stakeholder knowledge for decision-support by 
engaging in mechanisms to facilitate knowledge exchange.
5. Development of a conceptual framework for the basis of a design of a toolkit to 
systematically aid water managers implement demand management measures 
which fulfil sustainable development criteria.
6. Collection and analysis of qualitative and quantitative data pertaining to water 
user attitudes and behaviour using novel computer-based approaches for its use 
in a predictive capacity.
Through synthesis of literature, expert knowledge and experimental research, the 
following proposal is made. Decisions regarding the management of water should 
involve engineers and managers whose responsibilities it is to maintain adequate water 
supplies and protect the aquatic resources, and also the users of water (the customers) 
who form the/main stakeholder group. To adequately adopt demand management and 
sustainability principles, it is necessary to integrate societal information (particularly 
that generated by the users themselves) into the range of information and data typically 
available to the water professionals for the purposes of strategic and routine 
management of supplies. In order to attempt this, a range of tools must be developed 
that are able to deal with the inherent uncertainties related to the measurement methods 
and the dynamic nature contained within such data. Part of the process of managing 
uncertainty in societal data is systematic collection, and use of quantitative analysis 
methods that are adapted for coping with fuzzy information. Quantitative attitudinal 
data and qualitative focus group style interview data has been collected and analysed in 
a novel way through using corpus linguistic techniques. The results show that unique
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and exploitable knowledge regarding demand patterns for water, and likely water usage 
behaviour, of user stakeholders can be rapidly obtained in this way.
In conclusion, the research culminates in a framework for an approach (as a basis for the 
design of a decision support system by rationalisation and systematisation) that 
improves sustainability in the water supply sector through a range of measures:
• serious adoption of demand management principles by water supply 
organisations;
• utilising a largely untapped supply of potentially useable knowledge from the 
consumer-base resource by utilising knowledge exchange processes in order to 
increase the effectiveness of demand management;
• increasing the skill-set available within individual companies in order to exploit 
this knowledge through the adoption of cross-disciplinary techniques and 
utilising captured knowledge/ expertise; and
• making this economically viable by utilising computer based software tools 
typically used within the fields of linguistics and Artificial Intelligence.
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Glossary and Abbreviations
All acronyms used in this thesis and listed below are either cited in literature or 
explained in the main text of the thesis.
• Agenda 21: An internationally agreed protocol developed at the Earth Summit, 
Rio de Janeiro in 1992 which maps out the main principles of sustainable 
development as applied to country level policy. Also developed was Local 
Agenda 21 aimed at regional and sub-regional governance
• AI: Artificial Intelligence
• BBN: Bayesian Belief Network
• BIT: Business Intelligence Tool
• CCW: Closed Class Word
• Clean Technology: A technological solution to a problem which provides the 
minimum negative [cradle-to-grave] environmental impact in order to fulfil its 
function
• Corpus: A collection of bodies of text
• CV: Contingent Valuation
• Demographic: Pertaining to population related statistical variables often 
measured during census surveys
• DM: Demand Management
•  DSS: Decision Support System
• Focus^roup: A multi-participant interview process of relatively unstructured 
discussion centred around pre-defined topics and led by an facilitator
• Fossilwater: groundwater that is at a depth or geological position that means it 
is refreshed over a period measured in geological timeframes (e.g. thousands of 
years)
• Fuzzy Logic: A form of predicate logic that involves the use of fuzzy sets to 
define variables and their membership
• GIS: Geographical Information System
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• Grey water: Partially soiled water, having been used for cleaning or washing 
purposes, but not associated with sewage water (which is sometime termed 
blackwater)
• Heuristic: A rule or logical statement derived from experience or tacit 
knowledge, sometimes referred to as a ‘rule of thumb’
• Hydroinformatics: Information systems relating to the aquatic environment and 
its management
• ICT: Information and Communications Technology
• Inclusionary: a process that proactively engages with participants (stakeholders, 
users, citizens, communities etc.)
• KBES: Knowledge Based Expert System
• LCA1: Life Cycle Assessment (or Analysis)
• LCA2: Latent Class Analysis
• Lexical: Pertaining to the words and grammatical structure of language
• Megacity: An urban agglomeration containing more than 10 million inhabitants
• Micro-component: a sub-unit of household or customer demand
• N eural Networks: an interconnected series of nodes, each of which can process 
information in a predetermined way, but together has the ability to ‘learn’ 
through examination of data
• NGO: Non-Governmental Organisation
• OCW: Open Class Word
• Risk:^the probability of an event occurring times the magnitude of its effect
• SD: Sustainable Development
• SL/GL Ratio: Specialist Language: General Language Ratio
• Societal: Pertaining to information of a social nature or derived from a socially 
focused source
• Sociometric: numerical data derived from social data or analysis
• Stakeholder: Any individual, group, representative or body with an interest or 
direct involvement, or who can be affected by the outcome of related decisions
• Tacit: (as applied to Knowledge) learnt through experience, observation, 
sythesis or inference
• WRM: Water Resource Managemen
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Chapter 1 Introduction and Background
Summary
This chapter introduces the project and the reasons fo r  the research. It provides a 
backdrop the project in terms o f discussing issues surrounding water management in 
cities, the pressing problems caused by urbanisation, and an overview o f the history o f  
water supply with particular reference to the UK. The chapter then goes on to explore 
the themes o f sustainability, and how the aspects o f stakeholder involvement in an 
inclusionary process can improve progress towards sustainability objectives in water 
management. The role o f Information Communication Technology in improving 
inclusive decision-making, and how the societal aspects o f water supply systems need to 
take a more central position in strategic information requirements is discussed. 
Finally, the chapter summarises the research goals and main contributions that are
documented in subsequent chapters.
/
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Chapter 1 Introduction and Background
The initial remit of this research project was to investigate the relationship between 
cities and their water supply systems with a view to identifying key areas where 
sustainability measures, such as Clean Technology, could be implemented. As the 
project progressed, it became clear that an important aspect to this relationship was the 
decision-making processes used by policy makers, water managers and other bodies 
who have control over or impacts upon water supplies to influence the management and 
growth of a region’s water system, and as a result, the focus of the research turned to 
developing support in this key area. The thesis is structured into four chapters. 
Chapter 1 introduces the project brief, and situates the research in terms of the history 
and social dimensions of water supply focusing mainly on Europe. It also describes the 
environmental issues surrounding the management of water resources and supplies, and 
goes on to look at water demand and the role of ICT in the decision-making processes 
that exist today and the potential for future use. Finally the chapter summarises the 
project aims, research plan and the key findings.
The second chapter deals in detail with the methodology and investigation process 
along with accounts of the data collection and the limitations discovered. In particular it 
addresses the issues of uncertainty in the context of apply the principles of Demand 
Management in a water management context. Then, in the third chapter, the main data 
analysis is sh<5wn, in particular with respect to a case study. Chapter 4 examines the 
results of analysis, and takes a broader look at the implications of the research on issues 
such as demand management and sustainability of water resource management. In the 
final sections of the chapter, conclusions are drawn and future research directions are 
suggested.
In summary of the primary themes in this chapter, sustainability is a term used to 
describe a style of management comprised of three intersecting loci of primary issues, 
namely environmental protection, economic prosperity and social equity and well­
being. Environmental protection is well researched and documented from an academic 
and a political point-of-view, and the fundamentals of economics are indoctrinated
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within Western culture as a primary basis for a nation’s growth. Economic 
sustainability is, however, distinct from market economics in that it encompasses more 
than fiscal or business related systems to include natural resources (including those with 
no direct monetary value) and the costs of environmental and social well-being. The 
Social dimension of sustainability, however, still remains somewhat of a grey area, 
particularly in terms of practical application of the theory.
Within the water industry, both economics and environmental concerns are emphasised 
and well practised to a lesser or greater extent, but there remains an imbalance due to 
the lack of true integration of social elements within water management: “In the 
conventional paradigm, water development was a problem of engineering, hydrology 
and large project construction” (Stockholm Environment Institute, 1998). One of the 
main problems is that social science may be seen as somewhat of an unknown area to 
the managers and engineers who control water, and they are therefore at a disadvantage 
in attempting to implement sustainability measures in the areas alluded to above. To 
overcome this, there needs to be a meeting of minds, ideas and knowledge so that an 
effective communication link can be established between water professionals and those 
involved in the societal aspects of sustainable development.
In order for this to happen, mechanisms are needed that can offer methods to rebalance 
the environmental, economic and social dimensions of water management, and it is 
suggested that using techniques often associated with knowledge management, 
particularly y/ith regard to decision-making, can provide such devices. By looking at 
the knowledge held by all stakeholders rather than simply ‘data’, ‘statistics’ or 
‘procedures’, it becomes somewhat easier to understand where the differences and 
common elements lie and hence provide a basis on which to make decisions which can 
aid the integration of diverse ideas and opinions in a practical way. Hence, the 
utilisation of stakeholder knowledge in a decision-support context improves decision- 
• making for the aims of improving progress towards sustainability. This document aims 
to explain how this is the case through examination of literature, contemporary thinking 
in the fields of water management and knowledge elicitation and analysis, and from data 
obtained through research.
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1.1 A Brief history of Water Suppiy in Europe
Modem day water supply systems have largely been inherited from Victorian 
engineering, although the idea and implementation of large scale water supply, 
particularly for irrigation and sanitation, dates back to Roman times and before. Indeed, 
the Roman style of water engineering was often copied in medieval times since it was 
the only available model on which to base such projects, and the copying of classical 
architecture and engineering occurred in what we now call ’The Renaissance’. The 
Romans were extremely innovative, developing large scale aqueducts, clay and lead 
pipes (which is where the term plumber comes from after the Latin for Lead, Plumbus), 
hypocausts, cisterns and water boilers amongst others. The engineering skills were 
probably based mainly on heuristic knowledge which was passed between peers and 
generations of stone masons, architects and builders. There is no remaining evidence 
from Roman archaeology to suggest that they had any other means of calculating the 
necessary requirements for a suspended aqueduct, for example, so experiential 
knowledge must have played a key role (Plumbing and Mechanical Magazine, 1989).
It was largely thanks to the hierarchical nature of Roman society with pressure coming 
directly from the Roman Imperial Government (i.e. Caesar and the Senate) that 
development of such engineering solutions to the problems of public water supply took 
place, with much of its implementation occurring via the extensive use of enforced 
labour. WitfTthese societal pressures and the use of experiential wisdom, Romans 
quickly discovered the best way to achieve successful urban water supply systems, and 
they also discovered the health problems associated with lead, though this particular 
heuristic was sadly (and unfortunately) lost over time beyond the fall of the Roman 
Empire. The majority of water supplied via the aqueducts to cities and towns was used 
to provide water for public baths, fountains and pools, and occasionally private houses, 
though only for the rich and important in the latter case, and consequently this led to 
illegal tapping of the supply pipes and channels (Thomas, 2001). This pattern can also 
be seen today in cities in developing countries where the poor and disadvantaged on the 
fringes of society are ‘forced’ into tapping supply pipes illegally for the sake of 
obtaining clean and undiseased water (National Research Council, 1995).
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The first long aqueduct was built in 312 BC spanning 11 miles, and set the pattern for 
many other similar and longer supply conduits used to provide water for the many 
hundreds of public baths, cisterns, fountains and more. When the Romans finally lost 
control of the empire and much of Europe fell into the fragmented social period 
commonly known as the ‘Dark Ages’, much of their sanitary and plumbing skills were 
lost, and most of Europe regressed to a more basic state where water supply and 
sanitation was in a state of chaos, with the early Christian Church even rejecting 
anything Roman, including sanitation, which was viewed as a sign of material wealth, 
the remnants of Roman baths becoming associated with brothels (James, 1998).
In many other parts of Europe, small scale transfer of water took place throughout the 
last millennium and a half mainly through wooden conduits and then latterly lead pipes 
(ignoring the lessons learnt by the Romans before) but largely in a piecemeal approach 
leaving many maintenance inconsistencies, and many people who were without piped 
water relied upon wells either privately dug by landowners, or publicly owned by cities 
and towns. It was not until the Industrial Revolution nearly fifteen hundred years after 
the Roman Empire had fallen that it became possible to mass produce reliable pipes and 
machinery, and to engineer large scale dams with sufficient safety and structural 
integrity. By this time, population sizes within cities, and nationally, had grown to such 
an extent that the demand for potable water and the disease transferred by sewage 
ridden streets and rivers was impossible to ignore (James, 1998).
/
With the increase in economic growth thanks to industrialisation, came a further growth 
in both population sizes across many of the wealthier European countries, and in the 
physical size of major cities. These growing cities suffered desperately with sanitation 
and hygiene problems mainly due to inadequate access to potable water, and though 
many were built upon rivers, these quickly became polluted and disease ridden due to 
the sheer overuse and uncontrolled sewage discharge in a concentrated geographical 
zone. As various health issues surfaced, such as the great cholera outbreak in the mid 
1800s, much investment was ploughed into water supply, and sanitation was improved 
and re-engineered (James, 1998). At the height of Victorian rule, Britain was one of the 
wealthiest nations in the world, and dominated the international political landscape. As
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with the Romans before, British imperialism led directly to pressure for improvements 
in standards of living as expectations rose, but this time utilising machines and the poor 
as a workforce, new infrastructure was developed, and innovations, such as filtration 
beds and dam structures were conceived and realised, many of which survive and are 
used today.
By the end of the 19th century, practically every urban residence, as well as public 
buildings and industry, had potable water supplied by pipe or at the very least access to 
a nearby public cistern. During the war years, and in particular the Second World War, 
many supply systems were damaged or destroyed particularly in London and other 
urban regions, and in the restructuring of post-war Britain, water companies were 
owned and controlled centrally by the state in order to quickly reinstate water supplies 
across the nation at a time of great economic stress, although this led to monopolistic 
and monolithic regimes for the management of water (Guy et al, 1997). This gave an 
opportunity as part of a national programme of modernisation to refurbish some of the 
ageing supply network, and many of the older cast iron, brick/earthenware and lead 
pipes were replaced with preformed concrete and drawn steel pipes (today, plastics are 
commonly used in certain pipe applications). Improvements in technology, particularly 
in treatment, led to improved water quality standards and new laws protecting rivers and 
groundwater from pollution. By the 1970s and 80s, managing water supplies had 
become a major industry in Western Europe as many countries’ populations began to 
swell as economies recovered from wartime and post-war stresses.
Then, in 1989, the water sector in the UK was privatised by the then Conservative 
Government in an attempt to improve efficiency and reduce the burden on the public 
purse, amidst some public opposition (Bakker, 2001). Ten regional water companies 
were created initially responsible for both water supply and sewerage. Subsequently, 
opportunities arose for companies specialising in water supply only to operate, though 
many of these are much smaller in size to the ten original regional companies. The state 
of water supply in the UK today is much the same. In Europe, the nature of ownership 
and control over water supply varies, although the development of the UK water 
industry has been unique. In particular, due to decisions made by a socialist 
Government in post-war Britain and with financial support from the US (the Marshall
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Plan), the way in which water was paid for was linked to housing rates, which 
encouraged a culture of expectations of cheap and freely available water rather than 
payment for usage on a measured basis.
This has become the most difficult issue facing the modem day Water Industry in 
Britain, as economic demands lie in opposition to this style of tariff structure. A 
particular social problem of privatisation is the ‘social dumping’ of unprofitable 
consumers, particularly in rural and disadvantaged urban areas, and in addition the 
removal of cross-subsidies from national utilities has highlighted commercial ‘cold 
spots’ (Guy et al, 1997). Europe on the other hand largely relies on measured supplies 
and so are an accepted part of the utility services provision, which reflects the true cost 
of supply. This difference in approach to such an essential utility has held Britain back 
in some respects, although with legislative pressure the Industry still pioneers some 
innovative technologies in the drive for ever improving standards and quality of service.
Parallel to the development of water supply systems, concern and legislation pertaining 
to environmental protection also developed around the time of the industrial revolution, 
though much of it was concerned with airborne pollutants such as smoke and gaseous 
chemicals. It was not until a pollution incident in Cambridgeshire that came to civil 
court action between Eastern Counties Leather and a local landowner did the issue of 
water pollution come to the public's attention, although national legislation for water 
protection was not to come until some time later. Issues of environmental protection 
were dealt with by a piecemeal approach to legislation, and it was not until the 1960s 
and 70s that concerted effort for general environmental protection was developed by 
Government and statutory bodies.
Today, most natural water bodies are protected by the Water Act 1989, the Water 
Resources Act 1991, Environmental Protection Act 1990, the Water Industry Act 1991 
(Ball and Bell, 1991), the Environment Act 1995, IPC (Integrated Pollution Control) 
and the new IPPC (Integrated Pollution Prevention and Control) Regulations (NSCA, 
2001) and a range of Statutory and Economic Instruments generated both by the UK 
Government and by the European Commission. Not only is quality protected, but 
abstraction is also controlled by the law and policed by regulatory bodies such as the
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Environment Agency in England and Wales. This effectively controls the way in which 
water companies manage the natural water resources available to them for the purposes 
of supply, and yet very few statutory controls exist to restrain the consumption of water 
by the end user, and so water companies are faced with a continual struggle to meet the 
legal requirements imposed upon them by Law, whilst attempting to operate in a 
commercial capacity by meeting the demands of the consumer. This ‘tug of war’ places 
the water manager in a strategically difficult position. Environmental protection, 
particularly in the UK as described, has historically been driven by legal pressures 
instigated by government. There are no current laws regarding sustainability (section 
1.3), however, and are unlikely to be in the near future, so other incentives are needed.
1.2 Cities, Water and Environmental Strategies
Good health depends on amongst other things an adequate and clean supply of water. 
Many people face lack of water, especially in developing countries, every day of their 
lives, but water supply problems seem especially bad in the urban environment. 
Megacities (cities with population sizes over 10 million) are developing across the 
world and increasing in size. These vast and complex urban settlements are posing a 
significant threat to both the natural environment in and around them and to their 
inhabitants. Of the largest cities on the planet, Tokyo has the highest population, 
estimated at over 26 million people in 2000. Table 1.2.1 shows other cities in this 
league. The United Nations (UN) is attempting to take the lead in trying to meet the 
challenge of "at least beginning to address the problems, but a multilateral effort may be 
needed before any real change is witnessed.
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Table 1.2.1 Urban agglomerations in the world with populations larger 
than 10 million, projected figures in 2000 and 2015 (italics indicate 
developed country) (United Nations, 1999)
Location 2000 2015
(projected)
Tokyo-Yokohama, Japan 26.4 26.4
Mexico City, Mexico 18.1 19.2
Bombay, India 18.1 26.1
Sao Paulo, Brazil 17.8 20.4
New York, USA 16.6 17.4
Los Angeles, USA 13.1 14.1
Shanghai, China 12.9 14.6
Lagos, Nigeria 13.4 23.2
Calcutta, India 12.9 17.3
Buenos Aires, Argentina 12.6 14.1
Dhaka, Bangladesh 12.3 21.1
Karachi, Pakistan 11.8 19.2
Delhi, India 11.7 16.8
Osaka-Kobe-Kyoto, Japan 11.0 11.0
Beijing, China 10.8 12.3
Jakarta, Indonesia 11.0 17.3
Metro Manila, Indonesia 10.9 14.8
Rio de Janeiro, Brazil 10.6 11.9
Cairo, Egypt 10.6 13.8
Cities form the centre of commerce and industry for many countries and in developing 
nations, the large rate of growth is resulting in unsustainable urbanisation. The growth 
of cities, and their concomitant demands on water resources, is a major challenge. 
Additional to this, there are further complications resulting from a) a scarcity in usable 
water resourced in geographically convenient locations, b) the degradation of the natural 
environment caused by poor planning and non-sustainable resource exploitation (ADB,
1993), and c) the human social and economic pressures to exploit the natural 
environment in order to support the expectations of the populous (Low and 
Balamurugan, 1991). Rapid population growth, and its associated negative 
environmental and social impacts, is, ironically, the result of improvements in public 
health and disease control. Rapid urbanisation is often the outcome of deteriorating rural 
livelihoods working the land and the magnet of the hope of urban based jobs and 
economic opportunity - a magnet that attracts all classes of people but especially the 
poor. Unfortunately, the prospects for many of these large and growing urban areas are 
not good since there is a lack of serious financial resources needed to both regenerate
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existing infrastructure and to plan and manage sustainable growth. It is likely that only 
through private partnership investments (Franceys, 1997) and appropriate cost recovery 
mechanisms (such as proper tariff structures) can these cities face a reasonable chance 
of providing long-term well-being for their citizens (Low and Balamurugan, 1991, 
Briscoe and Gam, 1995, Briscoe, 1997 and Nath, 1994).
The general effects of this growth are added stress on the natural resources used to 
supply these cities, and the resultant environmental degradation which leads to other 
problems such as sanitation and health crises. Water companies and more often, public 
utilities, fight a difficult battle to provide a functioning service in the face of increasing 
demand; as the quantity of available water dwindles and the quality declines, 
disruptions - even sabotage - of existing systems become more acute (Black, 1994). As 
a result, many communities in areas where water supplies are unreliable and intermittent 
face either having to invest privately in ensuring supplies are maintained, or in the case 
of the poorer members, obtaining water from whatever sources are available, legal or 
otherwise.
Despite this, and the fact that the aggregated costs being paid for these measures are 
greater than that which would be needed for a minimum level of reliable public water 
service, little efforts are being made to take the necessary steps towards implementing 
such a service, partly through poor understanding of the needs of water users (Atlaf,
1994). How the customer perceives the value of the supply of clean water, and whether 
they understated the difficulties faced in its supply, will affect the efficiency with which 
they use it and whether they are willing to pay an economic tariff for such a service. 
Part of the problem is that water is seen as a ‘public good’, which therefore should not 
be treated as an economic good, but a distinction should be drawn between the water 
itself, and the service of managing, cleaning and supplying it (Winpenny, 1994 and 
Gam, 1993).
It is the managers of the municipal authorities which manage and maintain the supply 
networks and the local authority policy makers which have to answer to increasing 
demands from human rights campaigners, global alliances, environmentalists, and of 
course, the recipients themselves. These people are faced with particularly difficult
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decisions regarding their duties as water providers, not just because of the huge 
demands placed upon them, but also because of the severely limited resources available 
to them. Their decisions are crucial to maintaining a water supply system that can be 
relied upon, and for looking for new ways to improve and increase the efficiency of that 
supply. As cities grow, so their water supply systems need to be updated to cope with 
the added demand, and it becomes increasingly difficult for a limited number of suitably 
qualified people to manage the ever more complicated network. Most urban supply 
systems contain elements of old and decaying supply networks leading to severe 
leakage losses, and possible contamination of water. Legal issues such as land 
ownership laws govern where pipes can and cannot be installed to supply new migrants 
to the cities, or whether a dam can be constructed further upstream in the catchment, for 
instance, which might displace an entire community.
Many cities squander their supplies of water by failing to invest in adequate 
infrastructure development and maintenance. In Manila, just under 60% of the water 
expensively channelled into city pipes is unaccounted for, disappearing without a trace. 
The record in Cairo, Jakarta, Lima, and Mexico City is not much better; in Latin 
America generally, 40% of the urban water supply vanishes unaccounted and unpaid for 
by customers (World Bank Operations Evaluation Department, 1992). In all likelihood, 
these losses are either due to leakage or installation of illegal taps and pumps. The 
result is that water and financial resources are needlessly wasted. Human and resource 
management present major problems in large cities. Mexico City, Jakarta and Beijing 
are e x a m p l e s f  cities running short of water and forced to exploit ever more distant 
sources at ever greater cost. However, most urban dwellers live in smaller cities and 
towns - some of which are still very large. More than half live in cities of less than 
500,000 people, and 40-45 per cent live in towns and cities of less than 100,000 people 
(World Urbanisation Prospects, 1999 Revision). These urban habitats may be as much 
in need of sanitary attention as the great metropolises which guard their reputations 
carefully.
Interestingly, a rounded view of the environmental issues that takes in the immediate 
and also the wider, more secondary impacts (see Table 1.2.2) surrounding water 
management (particularly in regard to developed countries) seems to be lacking in
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literature reviewed during this research; in other words, a life cycle philosophy seems to 
be missing in current water supply management practice. For instance there is hardly 
any mention of the environmental impacts of pumping or treatment chemical 
manufacture. Environmental policy-makers form assumptions about environmental 
boundary conditions, and it is surmised that this is either because of trust in the 
protective capacity of legislation, the prioritisation of necessary action based on 
legislative induced financial pressures or possibly through the psychological 
associations of clean water with natural, unspoilt environments (Parris, Zracket and 
Clark, 1998). This is odd, since water plays such a vital part of practically every natural 
system on the planet and should arguably take a key focus in any environmental policy, 
protection programme or management system.
Table 1.2.2 Non-exhaustive list of negative environmental effects that can 
result from urban exploitation of water resource base.
Direct Over-abstraction -  reduced dilution and flow (ground and 
surface water)
Local climatic effects -  reduced surface water leads to lower 
rainfall
Loss of wildlife habitats -  especially dried up wetlands & 
estuaries
Loss of fossil groundwater due to water mining plus lowering of 
water table
Displacement of communities through supply augmentation 
schemes
Indirect/
Secondary
/
Industrial pollution -  toxification, eutrophication
Sewage -  eutrophication, disease, odours
Runoff -  pollutants, sediments (heavy metals), nutrients, 
disruption of natural hydrology, flood risk
Manufacture of treatment chemicals -  energy, resource 
consumption and pollution
Energy consumption due to pumping -  use of other resources 
and creation of pollution
To help solve the problems associated with urbanisation, including water and 
environmental burdens, the United Nations Centre for Human Settlements set an agenda 
during the World Habitat Day held in October 1996 of promoting citizenship and 
human solidarity. The UN’s Habitat II conference highlighted the need for 
governments to foster participation of communities and their members in decision­
making and management. As a result of this, 138 governments, together with 
community partners, have drafted National Action Plans to deal with urban problems
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such as pollution and water shortages amongst other things. These Action Plans, 
together with the Global Action Plan for Human Settlements (the Habitat Agenda, also 
known as the Istanbul Declaration), will form the basis for human settlement 
development toward and into the 21st Century, and will be monitored through the use of 
indicators including percentage of people with access to sanitation and percentage of 
people with access to safe water. Since the Declaration, 82 countries’ reports have been 
made and posted on the UN Settlements website, and a progress report generated (UN, 
2001) which suggests that the main problems in implementing the Habitat Agenda 
include quantity and quality of hard data to support general statements, and it appears 
that there are still issues which need to be addressed, such as ‘water quality which 
remains an area of major concern requiring legislative action and effective 
enforcement’. It appears from this that the process of change will be slow, but that in 
particular, inconsistent and uncertainty in information is a barrier to implementation.
In, general, the way environmental campaigners view the environment tends to be split 
into two camps. On the one hand are the ecologists, naturalists and earth scientists who 
view the natural systems on Earth as unique and therefore should be protected for their 
own sake and that of scientific enquiry. On the other, there are the anthropocentric 
environmentalists, who view the environment as something that humans have 
stewardship over, and that it should be protected for the sake of benefiting all of 
humankind equally, both now and in the future. This distinction is overly simplistic for 
the sake of illustration, and there are many people who would probably not classify 
themselves in/such a way. However, the point is that the approach to environmental 
protection is driven by motive, and thus affects the priorities given to different aspects 
(Kortenkamp & Moore, 2001 and Marangudakis M, 2001). Following this line of 
reasoning, in the case of water, the anthropocentric environmentalists might argue that it 
is an essential resource for life and that we need to provide more for the poorest people 
in the world who might not have access to clean potable water, whereas the eco-centric 
environmentalists might argue that we need to use less water so that the natural systems 
are not deprived of essential ‘life blood’. The fact that food production depends on 
natural environmental capacity, including adequate hydrological resources, further 
complicates the arguments. In fact, both points of view could be judged as having
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validity, but we are therefore faced with a problem of opposing priorities and potential 
dispute.
With a burgeoning global human population, much of it concentrated in cities, it is easy 
to understand why scarcity of high quality water exists and to see that although the 
majority of the planet is covered in water, the distribution of freshwater in relation to 
the geographical concentrations of people means that careful management of freshwater 
resources is the only way to ensure that both the human population and those of the 
natural world are catered for to a sufficient degree. In some cases, we can utilise [often 
expensive] technology to help substitute naturally occurring freshwater with, say, 
seawater or recycled grey water. In the majority of cases however, technology alone 
cannot provide the answers.
Until recently in the West, most natural resources utilised by humankind were in the 
charge of governments and by proxy, engineers and scientists. This is still largely the 
case, but changes are beginning to occur that recognise that all stakeholders can have a 
valuable input into the decision-making process that governs the management of these 
resources. Moreover, stakeholders are recognised to include more groups than ever 
before: end users, companies, NGOs, children (who can constitute a major proportion of 
a city’s population in developing countries (Low and Balamurugan, 1991)), and even 
elements of the natural environment itself, are examples. With this recognition comes a 
more responsible, and necessarily more complex method of assessment and control of 
resources. Bdt because this approach is new, the decision-making processes being 
employed are diverse and inconsistent, fraught with uncertainty and discontent. Also, 
the use of inclusive decision-making processes is not uniform across the globe or even 
regionally, and whilst some governments, groups and individuals are making efforts to 
employ processes to include as many stakeholders as possible, there are many more 
who do not, and their lack of consideration for stakeholders can cause friction, or even 
conflict.
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1.3 Sustainable Development
The term ‘sustainable development’ was first coined in the 1970s in the World 
Conservation Strategy (WCS), but many people view the defining moment as the 
publishing of the World Commission on Environment and Development (WCED, 1987) 
Report, more commonly known as the Brundtland Report which was produced after 
much deliberation by many politicians, experts and civil servants over a 900 day period. 
This report identified the need for a uniform strategic method of providing for the needs 
of present generations through the appropriate use of natural resources, whilst 
simultaneously protecting the needs of future generations by not over exploiting those 
resources. The report developed this fundamental idea into a set of goals which should 
be adopted by governments in order to become sustainable, and addressed the areas of 
environment, economics and social well-being. Following the publication of the report, 
the United Nations Conference on Environment and Development (also referred to as 
the Rio or Earth Summit) in 1992 sought to move towards practical ways of achieving 
the aims of the report, and as a result, the UNCED Agenda 21 was bom which clearly 
demarked areas of human activity with associated measures of sustainability, which was 
designed to provide a foundation for all action towards 'achieving sustainability'.
Agenda 21 was, however, a dilution of the original ideals of the Bmndtland Report 
primarily in order to obtain a general consensus between the participating world leaders. 
After the Rio Summit, the term 'sustainable development' (SD) became ubiquitous, and 
the definitions soon multiplied until there were more than 70 in 1995 (and probably 
many more now), thus devaluing the term and its aims as it was hijacked by various 
politically motivated bodies (Dahl, 1995). The original and probably most quoted 
definition, from the original Bmndtland Report, is "development that meets the needs of 
the present without compromising the ability of future generations to meet their own 
needs". Because of the potential multiplicity of interpretation of this definition, it is 
perhaps more helpful to think of sustainability in terms of themes. In the majority of 
contexts, it is assumed to be an anthropocentric concept that tries to balance human 
society with the natural systems upon which it is so intimately dependant - sustainability 
can only be achieved by removing all the forces that seek to upset this balance (Dahl,
1995).
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Agenda 21 contained some very broad brush statements about the management of 
natural resources, and in particular with regard to water were in some cases 
unachievable (Briscoe and Gam, 1995). The delegates at the 1992 pre-UNCED Dublin 
International Conference on Water and the Environment produced ‘The Dublin 
Statement on Water and Sustainable Development’ to try and address the real issues in a 
pragmatic way, providing a framework within which countries and sub-regional 
organisations could base realistic efforts to improve sustainability in water management. 
In particular the statement drew attention to the impracticality of the draft Agenda 21 
statements on financing and instead brought to the fore four guiding principles, namely:
1 Freshwater is a finite and vulnerable resource, essential to sustain life, 
development and the environment (so therefore need effective, holistic 
management);
2 Water development and management should be based on a participatory 
approach, involving users, planners and policy makers at all levels;
3 Women play a central part in the provisions, management and safeguarding of 
water (particularly in developing countries); and
4 Water has an economic value in all its competing uses and should be 
recognized as an economic good.
Particularly key are principles 2 and 4 (Briscoe and Gam, 1995). But to effectively 
embrace these principles in a management context requires expertise and knowledge 
about engagement processes and environmental economics.
The idea of SD was generated in an attempt to redefine the way nations viewed their 
natural capital and foster a more farsighted approach to natural resource management, 
but without decrying the need for economic growth. The main drive behind the idea of 
SD as identified by the WCED is that there is an incongruity between the Earth's natural 
systems and the ability of humans to fit their activities within this framework. After the 
Earth Summit in Rio de Janeiro in 1992, a development of the original idea of 
sustainable development came forward; sustainability. This idea was focused on equity 
amongst all stakeholders of current and future generations with a global perspective, 
and also on practical implementation of SD principles. The difference here was one of 
scale. Sustainable development implied that it was fine to consider only the people of
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present and future generations within a locus of centricity to the activity being 
considered, thus actions on a local level that might provide a continuance of resources 
for future local people, could quite feasibly have negative consequences for those 
further afield, and the concept did not embrace harmonisation and cooperation between 
varying levels of (for instance, between the interests of national and local) governance. 
Sustainability recognised that almost all human activity has some form of knock-on 
effect that can be on any scale up to a global level, and that it is as important to be 
conscious, and preferably proactive, with regard to these consequences as to the direct 
effects of misuse or overuse of local resources. It is also a term used to describe a 
measure of progress towards SD, and the process of implementation itself.
In a water supply sector context, water resource planning and management should be 
able to cope with long term future (sustainable) demand and supply rather than just the 
more immediate problems of short-term demand peaks and troughs facing water 
managers. If water resources for supply are to be managed sustainably, water users 
have a part responsibility in protecting the long term quality and availability, and a first 
step in this direction is developing end user understanding, both of water management 
and of the principles of sustainability. Water supply management has a good degree of 
effect upon the lives of people - people are the reason that water resource management 
is needed at all. To adopt a sustainable approach to the management of water requires a 
fundamental shift in knowledge, techniques and understanding.
Many proponents of SD state that the ideals contained within the concept can be split 
into three main intersecting loci, environmental protection, social equity and well-being, 
and economic prosperity (or growth, depending on which definition you subscribe to). 
Because this description of SD incorporates economic growth, some environmentalists 
(particularly eco-centric ones) oppose the idea of SD since economic growth implies 
consumerism and hence the consumption of natural resources with the associated 
negative environmental impact, and they believe that these aspects are at odds with each 
other, never to be reconciled. The overarching assumption, or hope, is that it is 
simultaneously possible to achieve growth, environmental maintenance and equity [by 
way of social, technological and political fixes], thus rejecting the seminal assertions
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made by Meadows et al (1972 and 1992) and the Club of Rome that there are limits to 
growth placed upon human activity by the capacity of the natural environment.
Whilst the ideas and philosophy behind sustainable development and sustainability are 
undoubtedly admirable, the actual identification and implementation of practical 
solutions to problems that conflict with them is a somewhat more involved affair. For a 
start, a systematic way of measuring sustainability is needed before improvements can 
be made. Typically, indicators are used as a practical measurement system, but which . 
indicators, the accuracy and reliability of the measurements and the design of a 
measurement scheme are factors which lead to confusion, mismatched standards and 
inevitably disagreement between the various bodies involved. Several schemes have 
been suggested in recent years in an attempt to standardise the approach to measurement 
and analysis, such as Life Cycle Assessments (LCAs) which examine all resource and 
energy flows from cradle to grave for any product or service. The downside to this is 
that the data requirements involve an expenditure of time and resources which are 
prohibitive in scale for practicable and economic day-to-day decision-making purposes, 
which means that only a few selected service units of strategic importance have been 
successfully analysed using this approach to date.
The alternative approach is to use pragmatic and intuitive choices based on prior 
experience and expertise. Admittedly non-scientific, many companies have chosen this 
route in developing environmental management systems, or simple compliance with 
legislation! and international agreements or protocols. By utilising appropriate and cost 
effective technology, changing working practices and developing a culture of 
environmental consideration into all aspects of business and governance, much useful 
change can be obtained in a multiple dimension of product and service which can be 
seen intuitively, without the need to examine every aspect in minute detail. Of course a 
certain level of monitoring is always needed and will enhance the ability to control the 
potential impacts, but there comes a point where it is uneconomic and unreliable to go 
beyond simple and readily available measures.
The concept of Clean Technology is one approach to product and service design very 
much based in the pragmatic side of environmental management. Essentially, Clean
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Technology refers to a system that has been designed, or more often, redesigned in such 
a way that the entire approach focuses at a fundamental level on the provision of the 
product or service at a minimal environmental cost (Clift, 1996). This means that, for 
instance, end-of-pipe cleanup technologies cannot be referred to as Clean Technology, 
but a redesigned combustion process that produces lower emissions and uses less fuel in 
the first place, negating the need for end-of-pipe solutions, can be classed in such a way. 
Clean Technology refers to more than just artefacts of a design process, and 
encompasses a philosophical approach to systems thinking that looks at every stage of 
the design both in detail and holistically and asks ‘can this be modified or removed so 
as to reduce the sum environmental burden’. This is not to say that Clean Technology 
does not offer very novel and complex solutions, but that the style of design thinking is 
a shift in paradigm from the traditional approaches that are driven by such dimensions 
as cost, material availability or engineering tolerances.
Applying the principle of Clean Technology to water may involve more than 
technological solutions, but indeed could require changes in management methods, 
decision-making approaches and a change in attitudes of certain stakeholders, since the 
supply of water as a system involves more that engineering alone. It is hoped therefore 
that this will play an important part in the design of a framework that can embrace 
sustainability principles. Effective incorporation of environmental considerations into 
the decision-making strategy of water management can be achieved by introducing 
them at an early stage in planning a scheme and the routine use of decision-support 
tools that ^mbed such principles can help engender familiarity and therefore increase the 
likelihood of better environmental protection.
Sometimes when faced with a strategic choice, it is not clear which of competing 
scenarios have the lower environmental cost, and so tools such as LCA can help to 
clarify. With complex natural systems, however, the decision-making process may 
require a combination of many different tools and approaches, for any direct human 
interface with a natural system will inevitably cause a negative effect on that system but 
without the same control or predictability that an entirely human designed ‘closed’ 
system exhibits, and without readily available indicators or data to form a basis on 
which to act. In such systems, applying Clean Technology may not be a design process
Page 19
Decision-support for Sustainable Water Supply Management
EngD Portfolio Jason Coilins-Webb
in the traditional sense, but may in fact refer to the decision-making process itself or a 
decision-support system -  the ‘technology’ of the tools and systematic approaches used 
to arrive at decisions that cause the management of the system to minimise negative 
environmental impacts. Such is the case with water resources management.
In the water industry sector, particularly in the UK, an observer might perceive the 
issues of sustainability and environmental performance to have passed by almost 
unnoticed, both in terms of on-the-ground implementation of more environmentally 
efficient technologies and, perhaps jn o re  importantly, strategic planning and 
development of water resource management and infrastructure and the related 
interactions in the aquatic environment (as borne out by research brought out in this 
thesis, described in Chapter 3). Many water companies, especially in Europe and the 
UK have long engineering traditions, and much of their development over the years has 
been thanks to engineering innovation and design (see Section 1.1). Until recently, it 
was still engineers who made the majority of decisions regarding infrastructure, 
investment, asset control and in fact the majority of operations.
When the sustainability agenda came to the attention of the public, people either 
assumed that water companies were already environmentally responsible or discounted 
them from the equation as they provided an essential resource for life (not to mention 
being distracted by the ‘dirty’ industries such as oil production, coal generated 
electricity, large-scale manufacturing, pharmaceuticals and the like). No-one 
questione4 whether too much water was being consumed, why water that was cleaned 
to the highest standards was being used for irrigation or sanitation, how much energy 
was used to clean and transport water, and most importantly whether the environment 
entered into the decision-making process at all beyond legislative compliance. 
Dennison (2000) highlights this by recounting how a particular water company’s 
interviewed employees largely had little idea of the full range of environmental 
consequences that came about from supplying water, and even the environmental 
manager and CEO had a low awareness of important aspects such an environmental 
management systems, and the difference between environmental issues and 
sustainability.
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Whilst engineers and scientists are eminently good at making judgements and decisions 
based on sound scientific knowledge and empirical data, in terms of equity and the 
wider environmental agenda that sustainability sets out to address, there is a clear need 
for a more multi-disciplinary approach to decision-making, and in particular when it 
comes to identification and involvement of other stakeholders. There may be occasions 
where a decision based on sound engineering experience may not be suitable in terms of 
acceptability (as has been observed in cases such as the conflict over the road bypass 
scheme at Twyford Down, for instance), and since equity is a key element of 
sustainability, from a sustainable development standpoint it is not acceptable to ignore 
the needs of stakeholders even if they oppose what is judged to be the scientifically 
logical course of action. Consensus is the goal, compromise is the usual outcome.
There are many decision-making and support methods available to facilitate a more 
systematic, and sometimes simple, approach to accommodating multiple criteria, 
ranging from checklists and decision matrices through to Soft Systems methodology or 
‘intelligent4 computer based Multi-criteria decision support systems (DSS) that utilise 
captured knowledge (some of these are discussed in more detail in Chapter 2). Many 
have common elements such as methods for adding weighting to different criteria, ways 
of handling probabilistic data, algorithms or formulae for combining criteria, a storage 
system for the collected data and presentation of the results of the process, though the 
details for these elements can vary significantly from process to process. Whichever 
process is adopted, the critical aspect is the data used, both in terms of quality and 
accessibility. Uncertainty can make the entire decision-making process difficult, if not 
impossible, no matter how sophisticated the support tools are. If the data is not 
available or is too costly to obtain, then again, alternatives must be sought or else a 
strategic rethink may be needed. Recently, research into novel techniques has been 
undertaken that attempt to deal with uncertainty and gaps in data in order to provide a 
structured method of delivering decision support without the constraints of high data 
quality, and it is these that may pave the way to enabling the water managers to utilise 
the sorts of information that is available from the ‘softer’ side of water supply systems.
As a prelude for studying Demand Management (see Section 2.2) in a Clean 
Technology context, or rather in a strategic planning context, it is essential to
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understand how uncertainty can be managed. The measurement and the prediction of 
demand is riddled with uncertainties. A robust decision support system will be needed 
which not only deals with uncertainty, but also data sources, and the probable use of 
hydroinformatic software.
1.4 People, Water and ICT
One of the fundamental issues with any public utility is that there are two sides to the 
system. First there are the engineering, technical and management aspects which range 
in complexity and are essential for keeping the system functioning as efficiently as 
possible. These comprise of: the assets (structures for treating, pumping, storing and 
controlling the flow of water); the specialist staff (whose roles range from maintenance 
and emergency operations to system design, construction, operation and so on); the 
management structure that organises the technical staff, budgets for projects, assesses 
viabilities and risks, and strategic targeting; and the ancillary parts of the company that 
deal with contractors, external enquiries, legislation, business development, & research 
etc.
In the second main aspect of the system, there is an interface with people at the output 
or consumer side. It is difficult to treat this part of the equation in the same manner as 
the first, simply because people are not predictable units of a system, but behave in 
ways that are individual, and on the large scale, seemingly chaotic. With water, the 
engineer Is ‘sandwiched’ between dealing with the natural systems that provide the 
water in the first place, and the fuzzy, uncontrollable and unpredictable systems 
consisting of consumers. Until recently, the approach to dealing with this situation was 
to largely ignore the human element and instead deal with quantifiable outputs based on 
a trend analysis approach to demand prediction with certain margins of error, but not 
worry too much about what happened to the water between the supply mains and the 
sewer and groundwater return flow systems. This is now changing, and rapidly.
In modem consumer societies, particularly within Western democracies, the customer is 
regarded as a valid, sometimes key, stakeholder in many decision-making processes 
ranging from national government down to local business (for instance, the UK
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Government is renowned for its use of citizen focus groups and has developed an ‘open 
government’ website, which hosts a range of online fora aimed at eliciting citizens’ 
views on government decision-making -  other organisations are following suite, for 
example, Health Canada has an Office of Consumer and Public Involvement). Not only 
that, but with greater emphasis on sustainable development, the societal elements of the 
sustainability equation are forcing organisations to look harder at their operations in this 
context. An understanding of communities is essential for effective participation 
processes by the members of those communities but understanding that communities are 
made up from a number of ‘publics’ is just as important (O’Connor, 1993).
What this means to the water engineer or manager is that the human side of the equation 
must be treated with as much diligence as for the other parts of the system and factored 
into the strategic planning and day-to-day monitoring set-up. The challenge is that 
those who principally manage the system are typically scientists and engineers who 
might not necessarily possess the appropriate skills or experience to be able to tackle 
the consumer element, and because there is often no precedent, even those with the right 
skills are at a disadvantage in terms of knowing what information to gather, how much, 
of what quality, and what type of analysis to use (Crofton, 1999).
Thankfully technology is now available to even a modest sized business to assist in the 
collection, manipulation and analysis of data, and thanks to modem ICT (Information 
and Communication Technologies -  a generic term relating to the merging of 
telecommunications and computer based distributed information systems), it can be 
shared very easily too. The full potential of ICT has yet to be reached in terms of 
collaborative approaches to data and decision-making processes, but it will only be a 
matter of time before such techniques are commonplace and may even replace 
conventional ones. There is a strong case for the use of ICT to promote and disseminate 
information for the purposes of increasing sustainability (Nath, 1999 and 2000). 
Amezaga and O ’Connell (1998) go further and suggest that hydroinformatics needs to 
evolve from being viewed as a technology in the conventional sense to a 
‘sociotechnology’, which means engaging with users, converging with social sciences 
and developing a common language amongst both users and developers in order for
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hydroinformatics to provide a means to effect positive changes towards achieving 
sustainable development.
In order to begin to develop a systematic way of acquiring and utilising (i.e. having an 
effect upon) data derived from consumers, it is necessary to identify how the customer 
base is constituted. This information can be obtained from a number of sources. 
Information about the general demographic nature of an area (on a relatively large 
scale) -  that is, population statistics, income and expenditure characteristics, age groups, 
property types, gender distribution amongst age ranges, and a range of other variables 
related to housing, health, education and public services - can be obtained from census 
data, though this tends to date rather quickly and is not normally updated more than 
once every eight to ten years. The electoral register can provide relatively accurate 
numbers of the adult population eligible to vote in a ward, though numbers of children 
are not included. Individual market research companies may have data for sale (e.g. 
Drinking Water Inspectorate commissioned studies) applicable to the area in question, 
but the data may not be relevant. Billing information may add some depth of detail (in 
terms of how much individual households pay for their water), but this does not give 
information about occupancy and may be misleading particularly in an area where many 
properties are rented and the landlord is responsible for paying water bills. Data may be 
available from academic research (such as sociological studies), or from Governmental 
departments (for example, the UK Office of National Statistics), but it is usually more 
expensive to obtain (or may only be available to academic institutions) and to decipher. 
Alternatively, an independent survey can be commissioned or conducted in-house by 
the water company, and this provides the most targeted and beneficial data relevant to 
the needs of the company.
The most ideal situation would be to use all available data and overlay the relevant 
strata to build up a picture of a community or region. The use of GIS (Geographical 
Information Systems) can significantly aid this process by linking geographical data to 
demographic and socio-metric data, leading to a more comprehensible approach to data 
visualisation where geography is a key component. However, there is always a 
compromise between breadth of information and cost of collection and assimilation, 
particularly where special skills and knowledge are required. From a sustainability
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point-of-view, the costs may not be so great, however, as the method of assessing cost 
and benefit of such exercises is different to standard accounting balance sheets. There 
also may be more sophisticated and efficient methods of gathering the required 
information, such as utilising relational databases of customer information and self- 
assessment forms with annual bills.
Using this information it should be possible to generate ‘customer maps’ - reference 
data that highlights social strata according to different criteria. Once these maps are 
generated, it should be possible to tailor the design, redesign, maintenance and 
management of the system to the needs of the customer rather than to the assumptions 
of the system’s ‘grand masters’. This is the ultimate challenge in the new century for 
any systems designer or manager where human behavioural aspects impinge upon a 
structure to any great extent, but particularly where so many people are affected, and 
where the pressures of achieving sustainability are the greatest such as in the utilities 
sector.
1.5 Project Aims, Plan and Key Conclusions
From the outset, the primary aim of this project was to develop improved decision­
making methods to improve the environmental performance of water supply 
management. Through initial research, this aim was refined to examine practical 
methods to improve the social sustainability of water supply, and in particular demand 
management, through using advanced computer-based decision support tools to aid 
water managers in strategic planning of water supply systems. This is broken down into 
two main elements; the social data and demand management aspects and the computer 
tools that can be used. The developed aim was to show that by adopting a cross- 
disciplinary approach to using certain techniques associated with the computer and 
social sciences, one can generate synthesised knowledge that can lead to increased 
sustainability by improving decisions oriented in the uncertain and fuzzy consumer 
oriented demand side of water supply systems. The methods used to demonstrate this 
process involved literature review, data collection, and experimentation.
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The research can be defined by three main phases, as presented in this document. 
During the first phase, the research aims were clarified and material collected with 
which to develop ideas and to progress the main theory. This process formed the most 
extensive part of the project. The second phases involved investigating, designing and 
then executing a number of data collection exercises. The final phase consisted of 
analysing the collected data and experimenting with various methods involving 
advanced computer-based techniques. The research was then collated, the contributions 
to knowledge distilled, and the final thesis developed.
The main key findings of the project were:
• Sustainable development requires the engagement of all stakeholders 
(particularly in reference to water and the Dublin Statement), but there are 
substantial difficulties in accomplishing this particularly where [for historical 
reasons or otherwise] systems are managed primarily as engineering projects 
and hence there is a lack of the appropriate skills and knowledge to engage 
stakeholders at the necessary level with suitable feedback into the management 
process.
• Consumers of treated potable water (who by definition, include very nearly the 
entire population of any developed nation) who form communities are diverse in 
attitude and behaviour, and yet are the principal stakeholders in a water supply 
system -  understanding and utilising their knowledge is essential in developing a 
management system that caters for the ‘needs’ of its consumers and can be 
responsive to changes.
• Demand management, which describes a range of methods for controlling,
measuring, and predicting the demand for water on the consumer side of the
supply-demand equation, is an important aspect of modem water supply 
systems, and is essential for successful and sustainable management of water 
supplies in the future. However, it is in many cases poorly implemented or 
misunderstood and given less attention than supply management.
• The nature of demand-side management and consumer knowledge is
characterised by uncertainty, qualitative information and poorly defined
boundaries, but the cross-disciplinary experience and knowledge needed to deal
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with this type of domain is lacking within the industry which is primarily 
operated and managed by engineers.
• By opening boundaries between various fields of research, notably some of the 
advanced computational techniques collectively known as Artificial Intelligence, 
social sciences (particularly sociology, psychology and social geography), 
linguistics, engineering and environmental management, a beneficial cross- 
disciplinary approach to the problems can be sought which is more effective 
than restricting research to a single area. The nature of the complexity of 
sustainability issues surrounding water use, and the different areas of life that 
they touch, means that cross-disciplinarity should be embraced by water 
managers.
• It has been demonstrated that certain AI related techniques are amenable to 
systematically dealing with the fuzzy (uncertain, qualitative) nature of much of 
the information and data that is abundant in water demand management, and 
these can provide an effective bridge between the disciplines that are normally 
divergent in approach, and yet have applicability in dealing with the difficult 
task of supporting decision-making under the conditions already described. 
Further development and research into application of these techniques is needed, 
particularly in terms of validation.
• The research has been conducted within an industrial setting (a consultancy 
working within many aspects of the water industry and aquatic environment), 
and therefore includes tacit knowledge obtained through interaction with 
experts, and has direct relevance to the sponsor, HR Wallingford Ltd, and the 
industry sector within which it does business.
In conclusion, the research culminates in a framework for an approach (as a basis for the 
design of a decision support system by rationalisation and systematisation) that 
improves sustainability in the water supply sector through a range of measures:
• serious adoption of demand management principles by water supply 
organisations;
• utilising a largely untapped supply of potentially useable knowledge from the 
consumer-base resource by drawing upon knowledge exchange processes in 
order to increase the effectiveness of demand management;
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• increasing the skill-set available within individual companies and organisations 
in order to exploit this knowledge through the adoption of cross-disciplinary 
techniques and utilising captured knowledge/ expertise; and
• making this economically viable by employing computer based software tools 
typically used within the fields of linguistics and Artificial Intelligence.
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Chapter 2 Research Methodology
Summary
Chapter 2 takes a more detailed look at aspects o f decision-making, and in particular 
draws out the issue o f uncertainty as a particular problem faced by water managers 
when dealing with the variety o f information available to them. Next, the discussion 
moves to the concept o f Demand Management and relates this to sustainable 
development criteria, and then links the information requirements o f  managing demand 
to the areas o f decision-making previously highlighted. The latter sections o f  the 
chapter examine more closely a variety o f computer techniques amenable to handling 
uncertainty in a decision-support context, and an observation o f the sorts o f  issues 
surrounding data and its collection fo r  the purposes o f socially integrated demand 
management. The chapter is concluded with a discussion o f how these various aspects 
interrelate and illustrates a conceptual design fo r  a decision-support system which 
addresses \he points raised.
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Chapter 2 Research Methodology
In the process of developing the research, certain key areas for investigation were 
identified. These can be broken down into Decision Support, Demand Management, 
Computer-based Techniques, and Data. Each of these areas are looked at in turn within 
this chapter and represent the background and research conducted. Much of this chapter 
looks at the background to these techniques in order to contextualise the findings and 
their potential use within a decision support framework.
2.1 Decision Support
Data acquisition, archiving and analysis is used heavily in water management. To 
improve the quality of decision-making, these large data sets need to be archived and 
analysed quickly, leading to the development of computer-based management decision 
support tools (Price, Ahmad, & Holz, 1997). Classical statistical techniques have 
previously been used to attempt to formalise the uncertainties and risks involved with 
the practical application of scientific and engineering approaches to water management. 
In many circumstances, these approaches produce results which allude to greater 
accuracy and certainty than is possible due to the quantity and quality of the data which 
renders the techniques inappropriate or ineffective, thus the true nature of the 
information is masked by the technique employed.
Recent advances in computer based technologies have resulted in new ways of handling 
uncertainty, which combined with data handling routines can broadly be classified as 
decision support methods. Before discussing these, some of the terminology 
surrounding their use needs to be highlighted.
The term ‘hydroinformatics’ concerns information management in the water industry 
(Abbott, 1991). Information in this sense refers to models and the often numerical 
results that are generated from their use, as these are the basis for much decision­
making. Informatics is the study of information handling with a view to making better 
decisions, hence its relevance in the project. The sort of problem being addressed
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within this project and the proposed approaches fall within the definition of 
hydroinformatics, although the nature of information encountered in unstructured 
problems tends to vary in quality and can be both quantitative and qualitative.
A single definition of Decision Support System (DSS) that is widely accepted does not 
exist, although one definition suggested in the 1970s is ‘DSS are interactive computer- 
based systems, which help decision-makers utilize data and models to solve 
unstructured problems’ (Scott Morton, 1971). An alternative reasonable working 
definition could be ‘a structured management assistance tool, usually computer based, 
that incorporates a defined set of procedures and information to facilitate the decision­
making process, often, but not exclusively, developed from procedural or heuristic 
knowledge’. A DSS can be made up from a number of different discrete tools, usually 
linked in some way (for instance, by data), but not necessarily so.
DSSs have largely been superseded in many commercial areas by what is termed 
‘Business Intelligence Tools’ (BITs), but a distinction needs to be drawn. BITs are 
typically data focused and are particularly useful in financial applications. They can be 
described as software that enables business users to see and use large amounts of 
complex data, and can include Multi-Dimensional Analysis Software, also known as 
Multi Software or OLAP (On-Line Analytical Processing) which gives the user the 
opportunity to look at the data from a variety of different dimensions, Query Tools that 
allows the user to ask questions about patterns or details in the data, and Data Mining 
Tools thai  ^ automatically searches for significant patterns or correlations in the data. 
These tools rely on large quantities of continuous, high quality data in order to maintain 
statistical significance, and are therefore less applicable for unstructured problems. 
Thus, in the context of water resources management, a DSS needs to provide the 
flexibility to account for varying quantities, qualities and types of data.
A decision is usually made on the basis of information and judgement. Information is 
collected, stored, analysed and represented. A judgement then follows based on 
boundary criteria, domain knowledge, heuristics ( ‘rules of thumb’) and sometimes 
intuition. Judgements are often made in the face of multiple options and uncertainty, 
each with its own predicted (or possibly unpredictable) outcome, and occasionally this
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allows the formation of compromise solutions, but often requires a single path decision 
to be formed. Key to this process is the judgement process itself, as this is where 
expertise is used and where the ability to deal with uncertainty comes into play. In the 
absence of expertise within a specific domain, it is normal to obtain outside assistance, 
possibly in the form of a consultant, but this option is often either expensive or 
impractical in many instances.
The next best alternative to this, utilising software technology and the processing 
abilities of modem desktop computers, is to attempt to encapsulate the experts’ 
knowledge within some form of mle-base, and these are often associated with a 
‘knowledge based expert system’ (KBES). A KBES couples a rule base with some 
form of reasoning engine, based primarily on predicate logic. Whilst limitations of 
current technology make it unfeasible to have complex human-like reasoning within a 
computer based system, an often simplified subset of an experts knowledge can be 
successfully translated into a systematic process for embedding within software 
systems, and this has been particularly exemplified within the field of medical 
diagnosis.
Knowledge based systems render captured expert knowledge in the form of rules, logic 
and case based reasoning. The rules are generated from heuristics (often in an ‘if  
condition then result’ format), and the logic used to apply the rules is often predicate, or 
where uncertainty is involved, fuzzy (fuzzy logic is discussed later). Often, the rule 
bases are\created by interviewing experts in a structured manner that allows specific 
simple rules to be identified. The experts are then asked to rate the value or importance 
of each rule in the context within which they form a part. In this way, similar rules 
generated by several experts can be used to provide an ‘average heuristic’.
Rule bases are not the only way to encapsulate expert knowledge however, and more 
attention is being focused on alternative representation schemes, as well as knowledge 
capture. For instance, whereas an expert might have been asked to define and then rate 
a set of rules relating to a specific task, thanks to developments in linguistic analysis, 
experts can be interviewed in natural language and the heuristic elements extracted 
afterwards, with the benefit of additional supporting material in the form of anecdotes,
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digressions and non rule-based knowledge. This information might then be represented 
diagrammatically utilising tools such as Bayesian Networks or Soft Systems 
representation, or fed into a metadata system.
The main problems with expert systems are that they are static, and this leads to several 
significant problems:
• the knowledge they contain can grow stale over time if they are not regularly 
updated;
• they rely on co-operation of key experts but may miss opinions and knowledge 
of other stakeholders (hence are subject to the designers discretion);
• they cannot adapt to new data or information that could contradict some of the 
rules i.e. learning and common sense;
• they rely on symbolic information alone, so cannot accept data that does not fit 
within that structured paradigm; and
• they are unable to creatively generate innovative ideas or accept when a problem 
lies outside their area of ‘expertise’.
In the water industry, these limitations may be as significant as the problems of utilising 
external expertise because of costs, human resources and time. In particular, these 
limitations cannot easily be resolved when attempting to include stakeholder knowledge 
and interface it with that of experts, and adapt to changes induced through such events 
as developments in legislation, corporate restructure, population changes, extremes of 
nature (suW as droughts) or acts of terrorism for example. Without the needed inherent 
flexibility, the system becomes high maintenance and loses its advantage over human 
decision-making.
Alternative schemes such as ‘case based reasoning’ are more adaptive and can help 
overcome some of the limitations of expert systems. Thanks to ICT however, new 
paradigms for expert intervention are being realised. Distributed systems allow many 
experts from multiple domains to converge and input valuable reasoning and knowledge 
without the impedance of geography or even language. What is more, this distributed 
information can be automatically collected and filtered into a single knowledge base (or 
relational database) that can then be accessed, and hence shared, globally. This opens
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up new potential for collaborative decision-making and this has particularly beneficial 
potential in developing countries where access to the appropriate expertise, may be 
scarce.
2.1.1 Uncertainty and Risk
Rowe (1994) provides insights into uncertainty and risk (which is the assessment of 
uncertainty). Risk is defined as the downside of a gamble, which is described in terms 
of probability. Kaplan and Garrick (1981) provide a first level mathematical definition 
of risk as the set of triplets: Risk = {(si,pi,xi)} ... where si is a scenario identification or 
description, pi is the probability of that scenario, and xi is the consequence or evaluation 
measure of that scenario, i.e., the measure of damage. Put quite simply, risk is the 
perceived extent of possible loss (Dean, 1996). Uncertainty, then, is represented within 
a risk value by the probability, pi.
Put into the context of water resources, there are many sources of risk: risk associated 
with investment; environmental and health risks; risks of failure to provide a service; 
risk of structure failure; risk of losing trust and faith from customers (a surprisingly 
important element); ...and the list goes on. Risk provides a measure by which 
judgements can be made in the face of uncertain information about future events. 
However, even the development of risk assessments relies on reasonably good quality 
data (be it historical, theoretical, heuristic or extrapolated). To estimate a probability 
requires knowledge about an event. Without that knowledge, even a probability is 
impossible to be developed beyond a ‘best guess’, and thus a secondary risk becomes 
associated with the risk estimate -  the risk generated from the uncertainty in the 
information used to estimate the original risk.
Risk and uncertainty are terms often used interchangeably, even in technical literature. 
As early as 1921, Frank Knight (from Adams, 1995) distinguished between risk and 
uncertainty by arguing that ‘if you don’t know for sure what will happen, but you know 
the odds, that’s risk; if you don’t even know the odds, then that’s uncertainty’. 
Virtually all the formal treatments of risk and uncertainty in game theory, operations 
research, economics or management science require that the odds be known, that
Page 34
Decision-support for Sustainable Water Supply Management
EngD Portfolio Jason Coilins-Webb
numbers be attachable to the probabilities and magnitudes of possible outcomes. In 
practice these are rarely available and so are assumed or invented to save admitting that 
the formal procedures are irrelevant (Adams, 1995).
Risk is a method of assessing uncertainty about the future, but relies on certain 
knowledge of past events or well constructed theories. If these do not exist, the risk 
assessment itself is uncertain. Data used in planning urban freshwater resources is 
inherently uncertain. The uncertainty arises either from problems of measurement 
(malfunctioning instruments, poor collection methods etc.), measurement frameworks 
(including models and data capture methods), and it is simply not possible to measure 
accurately the flow of a fluid that evaporates either at storage or during flow.
In order to predict water demand (or needs), one has to work with uncertain data (for the 
only likely data available in an operational context is historical water usage, and this is 
often estimated on the basis of output from treatment works and an assumed leakage 
rate). Effective planning should include the recognition that certain aspects of a system 
cannot easily be predicted, if at all, so therefore uncertainty and risk must be an integral 
part of effective water management. Simple statistics such as first and second moments 
(mean and standard deviation) can be used but they do not account for missing values 
and systematic errors. Thus, to generate suitable risk models using this information, 
one must either build in uncertainty factors (i.e. maximum consequence and probability 
values based on assumed worst case scenarios) or use any resulting risk assessment with 
a degree W  scepticism and care, which brings into question the value of the risk 
assessment in the first place.
All risk (that is, the manifestation of risk rather than the quantified numerical 
assessment) is subject to the perception of those who assess it, or who may be affected 
by a risk. Risk can be treated purely as a statistical function of reliability, or the chance 
of an event occurring (the objective or Kelvinist [in reference to Lord Kelvin] 
approach), but this fails to encompass the full implications of what risk entails - another 
source of uncertainty. People respond to the hazards (xi in Kaplan and Garrick’s 
equation) they perceive, and if that perception is faulty, efforts to ameliorate the risk 
may be misdirected (Slovic, Fischhoff & Lichtenstein, 1981). Risk perception affects
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how risk is measured and the validity of measurements. Thus, it can be dangerous to 
rely on risk assessments if the data or process of generation is subject to uncertainty. 
Despite this, not all risk should be avoided, since there is a second side to risk: reward.
In the management of water, the rewards for taking risks are to all stakeholders, but in 
particular to the consumer or demand side of this group. The nature of the rewards are a 
consistent supply of high quality potable water delivered direct to the home (or where it 
is needed). Yet this reward seems mundane, since this has become an expectation in 
modem Western society. Thus, whilst this reward is in fact great (compared to the 
neutral case where no risks are taken), the appreciation of this is not on the whole 
recognised, except in the case where the risks have outweighed the rewards and as a 
consequence, the negative effects of the risks have come to pass such as loss of supply, 
quality deterioration or enforced limitations on supply (hose pipe bans) for example. 
Despite the nature of this risk-reward balance, the most impacted stakeholders largely 
have little say in how these risks are assessed and managed.
Uncertainty can be categorised into three main types: 1) fuzziness - imprecision of 
definition or quantities characterised by language such as ‘some’, ‘most’, ‘normally’, 
‘usually’, etc.; 2) incompleteness - missing information, or information which is not 
relevant or too expensive to use; and 3) randomness - data which lacks a regular or 
discernible pattern.
In general\there are four types of problem: deterministic, where all the consequences of 
an action are known; probabilistic, where all consequences are known, but only the 
probability of occurrence is known; fuzzy probabilistic, where all consequences have 
been approximately identified, and therefore the consequences are ill defined; and real 
world problems, where only some of the consequences of an action have been 
identified, the area which most water managers have to work in (Davis, 1996).
Uncertainty, then, is the realm not of calculation, but of judgement. All that we can 
hope to measure is the risk which is narrowly defined by Knight and others, and to deal 
with uncertainty, we need to step back from the ‘objective’, scientific approach. We 
must take a fundamental look at the definitions of what we are trying to know, and to
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realise that risk can embody the concepts of probability and magnitude defined by 
orthodox science, but does not insist that they be precisely knowable (Adams, 1995). 
This is particularly appropriate in the field of WRM, for example when trying to predict 
the likely effects of global climate change on surface water storage and characteristics 
when there is enough difficulty in predicting the weather more than a week in advance. 
As a related activity, the management of water supplies, and in particular, of demand for 
water, the sources of uncertainty are many and varied: can past use be used for future 
demand prediction?; do metered customers represent a proportionate sample of the 
supplied population?; how much storage capacity would be needed for a 50 year 
drought given changing population patterns, regulatory controls on imposing usage 
restrictions, different sector requirements and uncertain leakage rates?; and so on.
As an example of contrasting approaches to uncertainty, it is interesting to look at the 
worlds of engineering and social science. Engineers desire to gain control over 
uncertainty, while social scientists concentrate on analysing uncertainty and its probable 
consequences. Engineers have definite projects in mind and look for ways to build 
them, whilst social scientists explore community values and hence determine whether 
the project should go ahead. Social scientists and engineers must work together to 
ensure sensitivity to the spatial and temporal dimensions of social processes, especially 
in water projects (Reuss, 1992).
Since judgement is a key process in decision-making, and involves the assimilation of 
knowledg^, it would seem sensible to therefore involve the knowledge and opinion of 
the consumer, the main taker of the risks created by the actions of the water supply 
organisation, in order to inform and be informed by those people to whom the primary 
risks will have the greatest impact and provide a socially sustainable management 
policy. In other words, an ‘inclusionary’ approach (a term coined by ESRU, 1997, and 
used widely in social-political literature) can provide a means to improve decision­
making, increase awareness of the risks and rewards, and provide a mechanism to 
enhance progress towards sustainable development.
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2.2 Demand Management
Demand management (DM) is a concept that has been employed by energy utilities in 
the US and other western countries, primarily because energy is seen as a commodity 
and of economic value. Therefore, power and gas distribution companies recognised 
that to ensure that the customer base is kept with an adequate supply of appropriate 
quality, and to minimise wastage it would be necessary to control (in a non-dictatorial 
sense) how much customers used. In other words, managing demand leads to efficient 
supply. With power utilities, the main incentives for DM are cost saving; extending the 
capabilities of existing infrastructure without having to develop new power sources, 
reducing the fuel demand, coping with peak demands and protecting electricity 
generation and transmission equipment.
Stiles (1996) has studied conservation and efficiency related issues within the context of 
African water resources. He has focused on demand-side management, and is of the 
view that water, particularly in developed countries, is often over-supplied, highly 
regulated, under-priced and emphasis is on supply augmentation. Another issue is that 
of the implicit division of water rights, and in developing countries this is particularly 
the case where the urban poor suffer insufficient supplies, whilst the wealthy or industry 
take priority. This is backed up by a more recent study by the World Resources 
Institute (2001) which particularly cites under-pricing as a main cause of over
water supply system, with a clean technology approach, the incentives for DM should 
be environmental protection, extending resource life and improving resource quality, 
with economic efficiency a naturally resulting and important side-effect. As Stiles 
(1996) points out from previous studies, there are several barriers to implementing 
effective demand management.
Firstly there are economic barriers, such as under-pricing and a failure of customers to 
see the true value of water supply. Market failures result in lack of adequate 
information regarding conservation opportunities, poor access to affordable capital, 
restrictive investment criteria, general indifference to the cost of water, and separation 
of the costs of conservation from its benefits. Finally there are organisational barriers
»n of freshwater resources leading to environmental damage. For an urban
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which are “characterised by a preoccupation of authorities [and companies] with supply 
and with engineering solutions and by concern over the financial risks of DM.”. 
However, DM should not be underestimated in terms of effectiveness. Brooks (1997) 
suggests that in higher income countries some 25% to 35% or more of the current water 
use could be saved with cost effective measures, and despite a lower expected figure in 
lower income countries the environmental benefits of improved use efficiency justify 
the implementation.
In order to manage demand, it is apparent that one needs to first measure and predict 
demand. OFWAT, in a 1996 report indicated that water companies ‘need to do more to 
understand better the demand for water, not least by better recording of its components’ 
(OFWAT, 1996). An interview with an employee of Mid-Kent water revealed that this 
largely does not occur at any level of detail below a sub-regional zonal basis (see 
Appendix 6). As Stephen Merrett (1997) points out, demand can be described in a 
number of ways, from total quantities of water consumed, to the needs of different 
sectors, to a price-quantity function described in economic terms (Merrett refers to the 
third description throughout his analysis of DM). In order to assess likely future 
demands, a number of methods might be employed. In terms of sustainability, however, 
it is most helpful to think about demand in terms of need, as this forms part of the 
definition of sustainable development; the needs of the present and the needs of future 
generations.
Two comAion methods of assessing demand are often used in the water industry. The 
first takes a recent snap-shot of consumption patterns and projects it forward using time- 
series analysis. This approach suffers from linear assumptions, overgenerous safety 
margins against consumption peaks, and ignores the components of consumption. The 
second method takes consumption components (i.e. sector demands) into account by 
looking at their individual growth patterns predicted by demographic and economic 
methods. This method usually requires substantial amounts of data, sometimes in 
scarce supply in developing (and even developed) countries. However, various authors 
have commented that in fact a multi-disciplinary approach is needed to effectively 
assess demand (Murdock et al, 1991 and Varis, 1997(b) for example), and that this 
should include socio-demographic and even psychological factors.
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Other methods have been suggested to predict growth patterns, particularly with regard 
to population growth, but might be applied for demand prediction. These include 
Bayesian methods (Daponte, Kadane and Wolfson conducted a study on Bayesian 
demography in 1995), risk calculations (or estimates), socio-economic models and so 
on. It is proposed that in fact combining sociological information with hydrological and 
engineering knowledge to assess the most effective DM strategies, focuses on the needs 
of the consumer rather than their consumption patterns and thus provides a more 
effective means of prediction and control.
UK Water Industry Research Ltd (UKWIR) studied methods of demand forecasting, 
and in 1997 wrote a best practice manual which covered the main processes used in 
measuring and predicting demand. The main aim of the document was to outline 
methods of forecasting water demand within the various sectors of water users, with 
special relevance to water supply companies that need to plan water provision and 
licensing arrangements for future water resource management schemes. Appendix 6 
contains a precis of this report for reference and comments on the contents.
Of special relevance are the elements regarding household and industrial demand 
measurement and forecast. Most of the methods rely on simple formulae, but 
uncertainty is mentioned only in passing. The comments on uncertainty seem to 
suggest that formal methods of describing uncertainty (such as confidence intervals) are 
not app robate  in most circumstances, and seem to advocate the use of a form of game 
theory whereby individual scenarios are tested for specific cases. Some methods which 
could have been mentioned, such as Markov Chain Monte Carlo analysis, Bayesian nets 
or fuzzy logic, would allow for imprecision in defining variables and calculating 
demand and yet these valid and proven methods are ignored, suggesting that the 
industry is as yet unaware, unwilling or unable to embrace the potential that knowledge 
based and DSS techniques can offer.
Of particular pertinence to this research, recommendations for household demand, both 
measured and unmeasured, are to make use of micro-component and group micro­
component analysis by way of interviews/ surveys. The process can identify different
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water using groups within a population and is able to predict the impact of introducing 
water efficiency measures. No information about assessing climate change was 
mentioned by UKWIR, though they highlight the need for research in this area. None 
of the methods they outline account for natural eco-system demand or for the 
introduction of sustainability targets.
From experience within the power utilities of the USA, DM has increased energy 
efficiency and helped control peak loads on power grid systems. Implementation of 
DM in the States has been through a combination of incentives set up by both the state 
and the power utilities. The utilities have been active in implementing DM measures by 
a) helping customers to become more aware of their consumption patterns, b) 
encouraging the design and construction of energy efficient homes and buildings, c) 
endorsing energy efficient products, and d) setting up agreements with customers (with 
the use of compensatory techniques) to reduce the amount of available power at peak 
times, sometimes even interrupting supplies.
The federal agreements and encouragement for this to happen was the step in turning 
DM theory into practice in the US. It is apparent that DM falls into several categories 
of implementation: on the consumer side there is education, technology, subsidy and at 
the regional or national governance scale there are economic and institutional measures. 
With a water supply system, a direct comparison can be made. Water supply is subject 
to peak loads both on a diurnal basis and on a seasonal basis, and these peaks are the 
main caus^p of water supply problems, where the natural capacity of the environment is 
unable to match the quantities that a population wishes to use, and is often replenished 
at times of low demand, thus exacerbating the problems during seasonal peaks that 
occur in dry, hot periods. Underlying the peak loads to the system is the background 
demand, which also needs to be tackled in order to make the peak demand reductions 
more effective and to reserve more resources for times when demand is high, not to 
mention conservation of natural water systems for the benefit of ecosystems.
DM can be implemented by using a range of methods that fall into four general 
categories described in the following sections: Economic, Institutional, Technical, and 
Education. After this, an examination is made of water users and the issue of how their
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perception can greatly influence their own behaviour and also their reaction to DM 
measures. Also described is the importance of trust in DM, and how this combines into 
defining the data needs for informed DM decision-making.
2.2.1 Economic M easures
Water is typically not seen as an economic ‘good’ and this is primarily as a result of 
viewing the access to water as a basic human right (despite the rarity of this ideal being 
achieved, especially in cities). However, some might argue that the two are compatible, 
citing food or energy as examples. The under-valuing and under-pricing of water (even 
in industrialised countries, dependant on purity; untreated water holds little value to 
anyone apart from agriculturalists) means there is scope for economic measures to be 
employed, and so perhaps is the most important aspect of DM.
Primarily, water companies or authorities are interested in cost recovery. Future 
resource and population predictions combined with environmental and economic 
considerations for a city need to be reflected in the cost recovery within tariffs and 
pricing structures. Economic measures may be purely fiscal in developed countries, 
whilst in developing countries, the use of water markets using water tokens, for 
instance, may be more appropriate. Currently, in many developing countries, 
governments subsidise the water companies in order to supply cheap or free water to the 
entire population. However, this approach means that the richer sections of society 
benefit mi>re and the water companies cannot afford to maintain adequate supplies to 
the poorer communities.
An appropriate alternative is to introduce realistic price structures, reflecting the true 
cost of supply (including the effect on future supply, environment etc.) and offering 
subsidised payment schemes to the disadvantaged. In the context of controlling demand 
for potable water, tariffs might be charged on a scale dependant on quantities used. 
However, this approach would require accurate metering, which might be only 
applicable in developed countries until the technology is sufficiently cheap and reliable 
for developing countries to consider within the domestic market.
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According to literature, other sectors of water users might expect to pay a water tax 
dependant of how significant a contribution water is to their productivity or activity. In 
developing countries, it is typically agriculture that places the highest demand on 
untreated or semi-treated water resources, but at the same time is a primary income 
generator for the country, and whilst not within the urban sector, will have significant 
effect on available resources for a downstream city. Industry is perhaps somewhat 
easier to control and develop economic measures for as many will be already metered, 
and incentives or penalties for demand reduction can be introduced and policed 
relatively easily. These economic measures are inextricably linked w ith’institutional 
reform.
The primary difficulty in deciding which economic measures should be introduced to 
control demand is knowing the probable outcome, predicting the likely result. As a 
water manager, one could introduce measures such as structured tariffs or compulsory 
metering on a ‘suck it and see’ basis for example, but without an understanding of the 
customer reaction to these measures, they could result in costly mistakes and have 
longer-term repercussions through damage to supplier trust which may alter the 
effectiveness of future DM initiatives. Thus, investigation and proper examination of 
the demand-side of the water supply system is a vital step in developing a ‘model’ of 
consumer stakeholder groups. This in turn provides a better foundation for decisions 
regarding the likely effectiveness of any measures introduced.
2.2.2 Institutional Measures
Perhaps the most significant barrier to effective DM implementation is the institutional 
arrangements and legal constraints imposed on water providers. For instance, where the 
water authority is a government department or a nationalised company, the regulations 
regarding charging, metering, investments and so forth may prohibit the free reign 
needed to experiment with different DM strategies. If the legal constraints do not 
inhibit DM, it is more than likely that the water authority itself will be heavily 
bureaucratised, thus reducing the flexibility needed for effective decision-making.
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Institutional measures have a significant effect on how effective economic (and to a 
lesser extent other) measures will be. Initiatives may not be instigated, the excuse being 
that the institutional arrangements are too restrictive, but this assumes changes must 
come from the top. In fact, many institutional arrangements result directly from advice 
and knowledge from within industry, and the process of consultation within institutional 
structures is often ongoing.
The way in which water is controlled in each country, and even city, is a function of the 
political environment and the scarcity of the resource faced by that region. However, 
studies and discussions between nations through international organisations have shown 
that there are certain institutional measures for water consumption reduction that almost 
every country could implement. For instance, the introduction of democratic water user 
associations can lead to dramatic improvements in de-centralised management of water 
use and an increased perceptual value for potable water. Although in the context of this 
project it is difficult to see how institutional arrangements can be affected or influenced, 
it is important for decision-makers to be aware that certain institutional measure might 
be needed to implement effective DM strategies, and that if a commitment to 
sustainability is a primary goal, that pressure through lobbying and consultative 
processes must be an integral part of any long-term strategic plan to implement, develop 
and improve a DM based water supply system.
Understanding of stakeholders and demand groups could provide a key argument for 
institutional change, and if enough evidence is provided, significantly better freedoms 
for water company implementation of DM measures could result. But this needs to 
come from the companies themselves, as publicly funded research is often focused on 
macro-social (such as census data or nationwide government policy induced studies), 
rather than micro-economic issues that affect individual companies and the variable 
qualities of their customer communities. Thus, the process of engaging with 
stakeholders and utilising the information gained in an intelligent way might be a vital 
part of the process to improve sustainability in the water industry, not only through the 
individual actions of companies, but also by providing a rich resource of new 
knowledge about consumer demand patterns and behaviours to a wider community of
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policy-makers, academics and public bodies, inducing the necessary changes already 
described.
2.2.3 Technical M easures
Technical measures in the context of DM refer to practical measures to increase or 
implement water conservation, re-use and recycling and leakage reduction i.e. those 
measures that improve water use efficiency. These measures will vary according to 
water use sector, but in the domestic context for example, consideration to greywater 
recycling for garden irrigation, reduced flush toilets, the use of water saving appliances, 
the reduction of on-site leakage losses and so on should all be considered.
There are also measures that the water supplier might consider such as the installation of 
metering, if not per household, on a zonal basis, or even the possibility of dual water 
networks supplying water of differing quality for different uses. It is also important to 
consider the likely costs involved either to the customers or to the supplier. Industrial 
users can and do have in-house recycling systems set up, and useful advice on these 
systems through collaborative communication could benefit the water supplier. Water 
companies themselves also often waste water, and therefore consideration to leakage 
reduction and the possibilities of wastewater recycling can usefully be applied.
The costs of these technological options, as well as appropriate political and 
institutional changes can make considerable differences, particularly where urban water 
use (i.e. high population density leading to geographically intensive demand) dominates 
a region. Again, however, without prior detailed knowledge of a population or 
community, it is difficult to assess the most appropriate options to consider. In a way, it 
could perhaps be argued that the often high costs associated with many technical control 
measures (whether they be metering or on-site domestic greywater recycling for 
example) make it absolutely necessary to instigate a thorough research programme into 
attitudes and water use behaviour before laying out the possibly large capital investment 
in the resources needed (equipment, expertise, labour and so forth). Thus, technical 
fixes may on the surface appear to provide an attractively engineered method of 
managing demand, there is no absolute proof that they would work in all circumstances
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or scenarios, but the potentially costly result of a poorly informed decision means that 
the effort of obtaining evidence that supports (or denies) an investment in technology 
can be justified. The key is ensuring that this evidence is appropriate, balanced and 
true.
Technical issues are worthy of careful consideration, but prior to their use, it is 
education which must be given good attention, and administered in tandem with any 
rollout of technical measures. For without educating users as to the reasons why water 
conservation and reduced demand are needed, and how they might be achieved, it is 
unlikely any scheme will be successful.
2.2.4 Education
A proper publicity and educational plan is an essential ingredient to a DM scheme. 
Educating an entire customer base requires careful targeting of sector users and also 
specific types of user within each sector. The water supplier needs to know in detail 
what the customers needs are and learn from them by discursive engagement. It also 
needs to know about consumption and demand patterns in order to target educational 
measures and modify its own supply management.
The possible range of people’s perceptions towards water and its use is potentially 
large, some of them influencing behaviour, others not. Altering perceptions can be a 
time consuming and difficult task, but it is harder to gain co-operation without a general 
acceptance of the reasons why DM is necessary, particularly in relation to sustainability. 
Thus, whilst the challenges are great, the benefits are equally worthwhile not only in 
terms of increased consumer co-operation, but in terms of better decision-making. 
Critically, education in this context should not be seen as a ‘preach to the masses’ 
exercise, but as a two-way process of open engagement that is defined by the 
boundaries of the concerns of both the instigator (the water company) and the 
participants (the users). By taking this approach, the users are not patronised and may 
justifiably feel as though their opinions are helping to affect decisions which in turn 
affect them, and the water company reaps the benefit of an opportunity to inform and be 
informed.
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2.2.5 Users and u ses
As discussed, an important step in a successful DM campaign is knowing who the end 
users are, their attitudes towards water use and their actual water consumption patterns. 
Syme and Seligman (1987) estimated from case studies in Australia that short-term 
campaigns can only expect to save between 10 and 25 per cent of water consumption. 
So longer term campaigns may be needed, but combining them with the other methods 
discussed may result in significant reductions in demand. Within each water sector 
(industry, agriculture, domestic etc.) there are a number of sub-categories of user, each 
with its own characteristics.
Industrial uses can be split down by industry type, such as power, chemical, 
manufacturing, minerals processing, and so on. The characteristics of each industry 
type can then be scaled according to the size of operation of individual companies, and 
therefore a relatively accurate picture can be built up based on knowledge of industries 
operating within the water company catchment and on any historical data from other 
catchments where these industries exist. This approach is well structured, and whilst 
potentially costly in terms of data collection, will on the whole yield good quality data 
giving a high resolution of information.
Similarly, domestic users should be able to be described according to the characteristics 
that define them and prescribe their likely water usage. On a small scale, the variation 
between usage patterns of similar households is likely to appear large and relatively 
random, but on the scale of a city population, the differences between similar and non­
similar households may yield distinguishable patterns, which would lend themselves to 
stochastic modelling. The difficulty, however, lies in obtaining sufficient high quality 
data to form the basis of any predictive mechanism. Significant issues such as gaining 
access to and willing co-operation of domestic users remain barriers to applying the 
same logic as for the industrial (or other commercial) sector(s).
Most water companies in the UK, for example, hold customer information on databases 
which contain information about billing (and usage for those who are metered) and
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location, but little else is stored unless specific strategies and market research initiatives 
have been undertaken (based on anecdotal evidence of interviews with water company 
employees -  no academic papers could be found which listed types of data held by 
water companies). Postal questionnaires sent with bills could be used to obtain more 
information about household structure, incomes and other demographic information, 
although sent cold (without warning or incentive), these typically yield low return rates. 
Short of metering every household (which is currently against UK Government policy 
as recommended by the Office of Water Service [OFWAT] who are the main financial 
and management regulatory body for the UK water industry) and forcing every 
customer to return a self-assessment of their micro-component water usage (which 
might prove exceedingly unpopular and damage the market), water companies seem 
content to make assumptions (by utilising systems such as zonal time-series predictions, 
known anecdotally to be used by Mid-Kent Water for example -  see Appendix 6) with 
the bonus of occasional academic study (published in trade or academic journals) or 
internal research initiatives.
2.2.6 Perceptions
Perceptions towards water may be dependant on its intended purpose, whether the 
supply is limited, the income of the user and the relative affordability of the water 
supply, and perhaps also the culture of the individual. In an affluent society such as the 
UK, where the cost of water is small compared to everyday expenses, it may be 
common for many people not to consciously think about the water they use in terms of 
the overall quantity used in a day, or the cost and technology behind delivering clean 
potable water to their home (see Chapter 4).
In contrast, in an area that is water stressed and where a community is forced to share a 
single stand-pipe which might be some distance from the settlement, the value of the 
water may be perceived as being higher both in financial terms and in terms of the 
social benefit. Complacency can therefore be a barrier to demand management. It may 
be the case that the more affluent the household, the less concerned the occupants would 
be about water and therefore less likely to co-operate with encouragement to reduce 
water consumption. It may also be the case that some people (and even some
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institutions, particularly concerned with social health and well-being e.g. charities, 
regulators, government departments) see access to clean water as a right, regardless of 
the fact that significant investment and engineering is needed in order to achieve that.
To some extent, the perceptions of the user base (though diverse in itself) will generally 
be influenced by the historical process by which water supplies have (or in some case, 
have not) developed, and in particular by the ‘everyday’ nature of utilities (Shove and 
Chappells, 2001). Thus, there are significant differences in attitude between UK 
residents, whose water supply has been provided on a heavily subsidised basis, for a flat 
rate tariff and delivered (on the whole) no matter what the demand, those of continental 
Europeans whose supplies are largely delivered on an individual metered basis for 
higher tariffs, much like many other utilities, and people living in developing countries 
where water supply is the responsibility of an under-funded and under-resourced local 
authority and as a result can manage to maintain limited reliability and quality of 
service. Once that history has been laid down, it becomes difficult to change the 
ingrained perceptions, even if promises of change and even actions to the contrary on 
the part of the water provider show otherwise.
2.2.7 Gaining trust and co-operation
One of the important aspects in successfully implementing a DM strategy is gaining the 
trust and co-operation of the targeted consumers. If the end users have a suspicion or 
distrust of the water company, they are likely to resist any measures that might 
encourage them to use less water or use water more efficiently. This could defeat the 
whole exercise and result in lost revenue. As previously described, a process of 
knowledge transfer or exchange by open discussion and engagement with stakeholders 
can provide a useful secondary mechanism for improving relations between water 
company and user.
One important aspect to this, however, is an issue of motive. If the dialogue process 
for knowledge acquisition is not clearly explained in terms of reasoning, or not made 
entirely transparent, the DM strategy may be jeopardised. The failure to comprehend 
this principle has been costly to the image of several water companies in the UK (e.g.
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Yorkshire Water during the 1995 -  Haughton, 1996). This is the basis of gaining trust, 
which ultimately will pay dividends in both eliciting useful knowledge about 
stakeholders and a more effective DM strategy through better decision-making and 
greater co-operation.
2.2.8 Qualitative needs and Willingness-to-Pay
When assessing urban water supply projects globally, it is important to understand each 
country’s water uses. This may seem obvious, but it is a factor that is often overlooked 
when trying to apply certain planning and management strategies internationally and 
cross-culturally. For instance, Water Resources Management in the US often relies on 
large investments and new technologies to overcome certain difficulties. Adoption of 
US techniques in Bangladesh would require adaptation, revision and even rejection of 
some methods. Large scale dam projects have historically been used to augment water 
supplies in developing countries based on experience in the West, and in some cases has 
led to qualitatively different problems on as large a (if not larger) scale in the form of 
flooding, displaced communities, collapsing structures and loss of supplies to rural areas 
downstream.
Consumer perception of water supply in each country can also affect the success of 
certain water projects. A citizen of the United States might expect, even with a 
relatively poor background, to have easy access to a clean supply of water and would 
perhaps find it difficult to cope without this facility. A poor person living in the suburbs 
of Calcutta for example on the other hand might reasonably expect not to have ready 
access to clean water, and may have to travel some distance to find water of unknown 
quality.
Often water utilities spread the poor resources available thinly in order to give 
maximum coverage. As a result, inadequate or intermittent supplies are the expected 
norm, and so the well-off community invests privately in reliability and service 
enhancing devices, an action which is sometimes to the detriment of poorer neighbours. 
An outsider perception might be that most households cannot afford a better service and 
that the adopted policy message is ‘some for all rather than more for some’. In fact
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there are a significant number of communities that demand a better service and so are 
investing in private measures through co-operative initiatives, even though the 
aggregate costs of these individual investment schemes may greatly outweigh the cost 
of upgrading the public system (Altaf 1994). As this continues, the urban poor, whose 
numbers constantly increase in some cities, suffer from sharing an already scarce water 
service. Given the incentive, some people will pay significantly more than perhaps 
would be expected for an adequate and clean water supply. A better understanding of 
social structure and public perceived values is needed to be able to aim water services 
and pricing at the right level.
Willingness-to-pay is very sensitive to familiarity with the performance of existing 
public services (as can be seen in the UK for example), and is strongly linked to user 
perception of service quality and satisfaction of need. If the performance (both the 
quality of the product/ service and the quality of the provision mechanism) of these 
services is considered unsatisfactory, as it commonly may be in developing countries, 
customers might tend not to place much credibility in promises of future improvements 
in level of service or performance. A high initial willingness-to-pay in areas currently 
without experience of public services can be quickly eroded if the services provided 
turn out to be unsatisfactory (Atlaf 1994). The engineering considerations, as history 
suggests, have to be harmonised and balanced with economic, social and political 
factors. For example, the engineering design of dam structures may involve displacing 
whole communities and rendering their land useless (by submerging it and through soil 
salinisation effects). It is difficult to place an economic value upon elements that are 
normally not valued as commodities, but are nevertheless held as important to those to 
whom the project may affect.
Comparing the qualitative social cost of displaced communities with the perceived 
economic benefits of a new water resource, for example, is a challenging task, and one 
that needs serious attention. One way of evaluating non-economic property is to use 
contingent valuation (CV) techniques in order to try to place an equivalent economic 
value on intangible or irreplaceable items or amenity. Most often it is used for basic 
human needs or compensation evaluation. The method involves using questionnaires 
(or direct interviews) to obtain a consensus on willingness-to-pay for either a new
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provision or service, or compensation for loss of something. The method has several 
difficulties associated with it and these can vary depending on the country in which it is 
administered. Some researchers believe that it is easier to administer a CV survey in a 
developing country than it is in a developed nation, mainly because the response is 
generally higher, so more samples can be taken, and the interviewers are inexpensive to 
employ relative to the wages in industrialised countries (Whittington, 1996).
CV techniques require careful planning and consideration before embarking on a 
survey, as well as suitable expertise. Critics of the technique argue that it does not 
reflect financial values that can be tied back to any economic system, as interviewees 
may not have sufficient grasp on macro economics or ‘realistic’ land/ amenity values in 
order to give a sensible judgement, thus resultant data cannot be assessed alongside any 
other orthodox economic criteria. However, once a decision has been made to attempt 
to obtain consensus opinion on a contingent value for a proposed project, there is no 
need to stop with this single criteria. Surveys can also be used to obtain much 
information that is useful in assessing the qualitative aspects to any project, and of 
particular relevance to this project, can be used to obtainattitudes to water use and rough 
estimates of actual water use through self-assessment. It will be shown that this method 
of assessment and predictionlends itself well to situations where precise monitoring data 
is either missing or inadequate, and therefore is especially applicable in developing 
countries.
2.3 Computer-based Techniques
To investigate a variety of computer-based techniques that can be applied in the context 
of the issues of decision support and demand management already discussed, a number 
of small test systems were developed by the author and others which demonstrate the 
capability and limitations of applying different methods to practical problems. The 
following discussions introduce the primary concepts of the techniques and a discussion 
of how these can be applied using examples.
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2.3.1 Fuzzy Logic System s
The term Fuzzy Logic refers to a subset of predicate logic that allows for non-distinct 
definition of conditional criteria. Typically, it is used within a control system in order 
to eliminate or dampen ‘flutter’ whereby the system continually fluctuates between one 
state or another. The idea of fuzzy sets was first conceptualised by in 1965 by Zadeh. 
The membership of a fuzzy set is determined by a function -  in standard set theory, 
membership is described by a binary function, but in fuzzy set theory, this function can 
be analogue and can take most finite shapes. In applying fuzzy sets to logic, variables 
are defined which can have a number of states or conditions. Each condition is defined 
and is given a ‘fuzzy label’, such as ‘high’, ‘low’, ‘warm’, ‘medium’ etc. Each 
condition is assigned a membership function that determines how the system behaves as 
it transits between states. For simple systems, these functions are often triangular or 
sometimes a Gaussian distribution. Once all variables and conditions are defined, the 
logical statements can be set up that control the system behaviour under given external 
conditions. According to how the internal conditional functions match to the external 
conditions determines exactly what the system outcome will be. Uniquely in fuzzy 
logic compared with standard predicate logic, due to the nature of the membership 
functions, conditions can overlap so that there may be states where a variable is partially 
‘low’ and partially ‘medium’ for example.
The mathematical process for dealing with this is called fuzzification and 
defuzzification. An external condition is fuzzified on the basis of the variable that it is 
associated with, and depending on where the condition matches under the pre-defined 
membership function, a percentage value is returned based on the label(s) that the value 
falls under, and this is then fed into the logic statement to be executed. Thus, in a 
variable called ‘temperature’, an external value of 20°C might be classified as 70% 
‘warm’ and 30% ‘tepid’. Typically a system is made up of many logic statements that 
cope with all eventualities or combinations of variable states, and depending on how 
much a condition fulfils a particular statement determines what value or values are 
returned for defuzzification where the output is defined. There is much literature 
available that describes the details of fuzzy logic systems in greater depth (for example 
Friedman, 1997, Turunen, 1999 and Tanaka, 1996 amongst many others), and for the
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purposes of this document it is not intended to explain in greater depth than this brief 
description, which should serve as an introduction only.
Since fuzzy logic is primarily used for control systems, the application within a 
predictive and/or decision-support framework is somewhat different to standard 
applications (e.g. FuzzyCLIPS is an expert system shell with a fuzzy reasoning 
capability developed by the Integrated Reasoning Group within the Institute for 
Information Technology at the National Research Council of Canada, as an extension to 
CLIPS, originally developed by NASA). In developing a fuzzy system, one needs to 
first identify the system scope, and then the variables that describe it. The most 
sensitive part of system development is defining the variables since these primarily 
determine system behaviour. For many unstructured problems, this defining process 
often involves developing rules from heuristics, any data that may be available (though 
by the nature of unstructured problems, data is often scarce and inaccurate), expert 
advice and a process of iterative testing and evaluation. There are many instances 
within a water supply system where a control configuration of fuzzy logic can be 
usefully applied to smooth control ‘jitter’, for example, in the valve controllers within a 
water treatment plant or localised water management in an industrial process (Furumoto 
and Lipp, 1995).
For a non-control situation, a fuzzy logic process might be applied at the output end of a 
decision model for instance, so that values that are generated which contain inherent 
uncertainty can be fed into the fuzzy rules, generated by expert advice, and provide a 
discrete output in either a quantitative or qualitative form. This has been used in 
applications where uncertainty is an issue such as demand-side management of power 
(LaMeres Nehrir & Gerez V, 1999), and even a measurement of regional sustainability 
(Phillis and Andriantiatsaholiniaina, 2001). In particular, fuzzy logic has been applied 
in the field of GIS in order to aid map-based analysis of uncertain information, 
particularly for water planning purposes such as watershed modelling (Wilson, 
Mitasova and Wright, 2000).
Extrapolating this idea further, one can see how this might be used in a predictive sense 
where precise relationships are unknown or unproven, but where intuitive or
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experiential knowledge can describe how a system, such as consumer-side demand for 
water, might react to given scenarios without the need to characterise the relationship in 
any detailed way.
As a test case, it was decided to attempt to model the connection between income, 
property value and household size, and demand for water, a relationship which is 
uncertain and the data for which on a mass basis, noisy. The scope of the model is 
represented in Figure 2.3.1 as a Venn diagram, but it is emphasised that the intersections 
are not crisp as shown in the illustration, but fuzzy and indeterminate, hence the use of 
fuzzy logic.
Fuzzy intersection
Figure 2.3.1 Venn diagram of fuzzy relationship betw een incom e, property 
value, hou seho ld  s ize  and water dem and
The model is a simple demonstration of an approach to predict individual water use 
depending on specific elements that may or may not be present, but importantly, the 
model gives a range of values for its output rather than a discrete value, which reflects 
the uncertainty of the relationship between frequency of use and the volume of water 
consumed (see Figure 2.3.2). This forces focus to be drawn to the model process and 
relationships between elements in the system, rather than on the outcome, by drawing 
the aim away from attempting to obtain discrete quantified values towards comparative 
exercises and assessments of trends.
Incom e
Property Value
Household
size
Water
Demand
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0.0 40.0 80.0 120.0 160.0 200.0 1.0 4.6 10.06.4
Income___________________  Household size
10.0 108.0 206.0 304.0 402.0 500.0 40.0 132.0 224.0 408.0 500.0316.0
Property Value Water use
R u les :
IF Income = low & property_v= medium &family_siz = medium THEN w a te r jjs e  = medium WITH 1.0 
IF Income = medium_hig & property_v = med_high &family_siz= small THEN water_use = low WITH 1.0 
IF Income = medium & property_v= medium &family_siz = small THEN water_use = low WITH 1.0 
IF Income = medium & property_v= medium &fam ily_siz= medium THEN w a te r jjs e  = medium WITH 1.0 
IF Income = medium & property_v= medium &family_siz= medium THEN water_use = high WITH 1.0 
IF Income = high & property_v= high &family_siz= medium THEN water_use = high WITH 1.0 
IF Income = high & property_v= high &family_siz = large THEN w a te r jjs e  = extreme WITH 1.0 
IF Income = medium_hig & property_v= medium &family_siz = small THEN w a te r jjs e  = low WITH 1.0 
IF Income = high & property_v = high &family_siz= small THEN w a te r jjs e  = low WITH 1.0
J  Ij J
New | Del | Edit |
Figure 2.3.2 Variable adjective defin itions for incom e, h o u seh o ld  s ize , 
property value, water u se  and a sso c ia ted  rule s e t
Here, the nature of the relationship between any of the variables is unknown, or at best, 
uncertain, therefore the rules are based on approximated links derived from expert 
judgement. Because the adjectives used to describe each variable are broadly defined, 
the system is less sensitive to both snapping from one state to another and to 
assumptions about adjective demarcation dramatically affecting the output. The bonus
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water quality models, policy analysis and a municipal wastewater model. Not only does 
the tool represent an example of the power of modem software for environmental 
decision-support, but it also highlights the possibilities for cross-cultural, international 
and cross-disciplinary research and development thanks to modem ICT.
Models can be quickly prototyped and tested within a spreadsheet environment, thanks 
to flexible calculation methods that can involve almost limitless degrees of 
mathematical sophistication, as well as logic programming, graphing functions, 
extendable programming interfaces and ‘plugin’ architecture (the ability to extend the 
software through third party add-ons). When it comes to uncertainty, however, native 
spreadsheet tools can only do so much (i.e. standard probability and risk type analysis), 
so use of extended functionality through plugins is often needed. Of particular 
relevance to this project is a tool that allows normal spreadsheet cell formula 
calculations to be conducted through a Monte Carlo simulation.
Monte Carlo simulation uses random seeding of variables within a pre-defined 
distribution of probable outcome in order to simulate natural variance and disorder 
within a given system. Computers make this process very rapid as they are able to 
generate random numbers with ease, and can run a model with the newly generated 
random values for each model variable many hundreds or even thousands of times 
(depending on model complexity) within the space of a few minutes. Therefore, the 
technique is very amenable to rapid prototyping and modification, as well as short-term 
decision-making. Conceptually, the approach is particularly well adapted for situations 
where either an event occurs many times in succession but with varying outcomes, or an 
event occurs simultaneously amongst many varying sets of conditions. Thus, a single 
run of a Monte Carlo model represents many runs of a normal linear model with random 
seeded variables for each. If the model is simple, then it may be obvious how the output 
will be affected by the distribution of input values. In the more complex case, however, 
it becomes much less clear, particularly where input variables are mutually dependant or 
where multiple complex operators are used.
In the context of simulating consumer demand for water, a Monte Carlo based approach 
allows the user to generate a scenario that represents an entire population at almost any
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scale. Whilst it is not possible to take each individual run in such a model as 
representative of a ‘demand unit’ (that is, a component of overall demand whether it be 
an individual, a household or a demand zone), when aggregated, the output would seem 
to reflect the apparent dissimilarities at micro level whilst highlighting patterns at the 
macro level. With enough consideration and validation with real data, it may well be 
possible to create a relatively accurate model of the status quo with a certain amount of 
room for predictive use. However, there would be no way to validate a model (beyond 
intuition) once significant changes were made to the demand characteristics if one were 
to attempt to model changes in demand under hypothesised scenarios. Thus, the model 
is once again limited by data availability despite the inherent uncertainty handling 
abilities of the approach.
A model was developed for the simple test of the techniques based on a micro­
component water consumption model which is illustrated in figure 2.3.3 and based on 
formula 2.3.1. Micro-component demand was discussed in section 2.2. For each water 
use activity, a mean value for the water consumed per cycle of use was used based on 
figures published by Thames Water in their publicity material. The model was put into 
a Microsoft® Excel™ spreadsheet and from there, the Decisioneering® Crystal Ball™ 
software (a Monte Carlo simulation plugin) was used to assign probability distributions 
to various factors.
Children Showers
Adults baths
w/machine
household consumption 
level d/washer
hose
Season toilet
Water use
Figure 2.3.3 Simple conceptual scope of model of micro-component water
use
Initially, of the inputs, only the numbers of people within the household were given 
distributions. For each water use activity, normal distributions were given for a single 
use centred on the mean values already given. The frequencies of each activity based 
on weekly averages were not assigned distributions due to a shortcoming in the Crystal
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Ball™ software whereby distributions cannot be applied to spreadsheet cells with 
formulae. The model was run three times, the first two times by altering the 
consumption level, and third time by altering the distribution assigned to household 
numbers. Equation 2.3.1 shows the formula used as a basis of the model, and variables 
that were assigned as random seeded elements upon which the Monte Carlo simulation 
would alter values were those prefixed N and V.
D e m a n d  — { 9 0 *  [ (N a  *  fadultshower/7 *  Vadultshower)+(Nc *  fchildshower/7 *  Vchildshower)^* (N a  
*  fadultbath/7 *  V adultbath)+(N c *  fchildbatl/7 *  V chadbath)+( N a  *  fadulttoilet/7 *  
Vtoilet)"K Nc *  fchildtoilet/7 *  V  toilet)’t'(fdwash/7 *  Vdwash) +  (fw m ad /7  *
V wmach)+(fhose/7 * Vhose)]}/1000 (in in3/quarter year)
Equation 2.3.1
where Na is number of adults, Nc is number of children, fx is frequency for 
activity x and Vx is volume for activity x.
The season and level of consumption were built into the model by using conditional 
variables which altered appropriate values within the above formula. The multiplying 
factor of 90 is chosen to represent a 90 day (three month) season. The screen-shot in 
figure 2.3.4 shows the model interface. The three inputs (household inhabitants, 
consumption level and season) are user definable, and these are fixed for any one run of 
the model (using 3000 iterations). Distributions are applied to the cells listed under 
“volumes (1)” for the activities listed. The user inputs affect the cells under the 
“frequency (per week)” heading, which contain conditional formulae.
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Enter household inhabitants here: 
Adults Children
Input houshold size:
high
Consumption level 
Season summer
Seasonal consumption m3 ~eo|r
volumes (I) 
A  C
frequency (per week) 
Adults Children
shower 45 35 9 7
bath 110 80 7 4
toilet 7.5 7.5 20 15
washing machine 80 6
dishwasher 30 10
hose 500 6
This is a test model for domestic water consumption calculations Enter the number of adults and children in the houshold, then 
select the consumption level and the seasoa The result is displayed next to Annual Consumption. The figure is worked out by 
using the volumes for various activities and the frequency of their use, which vary according to season and consumption leveL
Figure 2.3.4 Screen shot of the spreadsheet model
Since the figure for water consumption through hosepipe use is given as an hourly rate, 
for the purposes of the model runs, it was assumed that about half the properties used 
hoses and the frequencies of use were then multiples of the figure for half the volume 
for one hour stated by Thames Water. In reality, approximately 25% of properties have 
hosepipes in regular use, thus this estimate is conservative.
Run 1: Season was set to summer, and consumption level at low. 3000 trials were run 
which equate to 3000 random households all of which have low consumption levels.
The assumptions and distributions were assigned to model factors according to figure 
2.3.5 (a) and (b), and table 2.3.1.
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Distributions on variables
Assumption: show er Cell: G3
Normal distribution with p a ram eters:
M ean 45.00 litres
S tan d ard  Dev. 4 .50
S e lec ted  ran g e  is from 30.00 to 60.00 
Mean value in sim ulation w as 45.12
Assumption: bath Cell: G4
Normal distribution with p a ram eters:
M ean 110.00 litres
S tandard  Dev. 11.00
Se lec ted  range  is from 50.00 to 170.00 
M ean value in sim ulation w as 109.83
Assumption: toilet Cell: G5
Normal distribution with p a ram eters: 
Mean
S tandard  Dev.
S e lec ted  range  is from 6.00 to 9.00 
M ean value in sim ulation w as 7.49
7.50 litres 
0.75
Assumption: w ashing m
Normal distribution with p a ram eters:
M ean 80.00 litres
S tandard  Dev. 8 .00
S e lec ted  ran g e  is from 60.00 to  100.00 
M ean value in sim ulation w as 80.18
Cryaal Ball Demo
Cell: G6
washing
Assumption: dishwasher
Normal distribution with param eters:
M ean 30.00 litres
S tandard  Dev. 3 .00
S e lec ted  range  is from 20.00 to 40.00 
Mean value in sim ulation w as 30.04
Cell: G7
Figure 2.3.5(a) Distributions for Monte Carlo demand model input
components
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Assumption: h ose Cell: G8
Normal distribution with param eters:
M ean 250.00 litres
S tandard  Dev. 25.00
S e lec ted  range is from 200.00 to 300.00 
M ean value in sim ulation w as 249.96
Cry*1«J Ban Demo Vemion
Assumption: Adults Cell: C3
Uniform distribution with param eters:
Minimum 1.00
Maximum 4.00
M ean value in simulation w as 2.49
C>yetal Bell Demo V
J i 'i HILI 
^  -v >
C orrelated with:
Children (D3) 0.80
Assumption: Children Cell: D3
Uniform distribution with param eters:
Minimum 0.00
Maximum 6.00
M ean value in simulation w as 2.99
Crystal Bell Demo
C orrelated  with:
Adults (C3) 0.80
Assumption: Shower (children) Cell: H3
Normal distribution with param eters:
M ean 35.00 litres
S tandard  Dev. 3.50
S e lec ted  range is from 20.00 to 50.00 
M ean value in simulation w as 34.82
Assumption: Bath (children) Cell: H4
Normal distribution with param eters:
Mean 80.00 litres
S tandard  Dev. 8.00
Selec ted  range is from 60.00 to 100.00 
M ean value in sim ulation w as 80.08 
A ssu m p tio n : to ile t (ch ild ren )
Normal distribution with param eters: 
Mean
S tandard  Dev.
S elec ted  range is from 6.00 to 9.00 
Mean value in simulation w as 7.50
7.50 litres 
0.75
CryMi Btfl DvnoV<
C ell: H5
Figure 2.3.5(b) Distributions for Monte Carlo demand model input
components
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Table 2.3.1 Input variables and distribution information
Variable Distribution
type
Range Mean SD
Adults Uniform 1-4 2.49 -
Children Uniform 0-6 2.99 -
Bath (adults) Normal 50-170 110 11
Bath
(Children)
Normal 60-100 80 8
Shower
(Children)
Normal 20-50 35 3.5
Hose Normal 200-300 250 25
Dishwasher Normal 20-40 30 3
Toilet Normal 6-9 7.5 0.75
Washing
Machine
Normal 60-100 80 8
The distributions used as per figure 2.3.5 (a) and 2.3.5 (b) and table 2.3.1 are all normal 
except for the household numbers, where a uniform distribution was given to observe 
the effects of purely random values. For two of the variables (toilet and hosepipe use), 
the range of the normal distribution was limited to a more reasonable minimum and 
maximum value based on typical cystem capacities and in the case of the hose pipe, to 
reflect the likely use for garden irrigation or vehicle washing. A sensitivity analysis was 
carried out and the result is shown below in Figure 2.3.6. As can be seen, the major 
influencing factors are, perhaps unsurprisingly, household occupancy.
Crystal Ball Demo Version
Net for Commercial Use Sensitivity Chart
Target Forecast: C9
* Adults .95
* Children .91
* 14 .10 In
bath .09 b
H5 .05 i
C .05 l
H4 .04 i
dshwasher .03 i
freq'week -.03 i
toilet .OB i
shower -.01 i
hose .01 i
washing m .00 l
* - Correlated assumption 1 -0.5 0 0.5 1
Measured by Rank Correlation
Figure 2.3.6 Sensitivity analysis of model input factors
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The output from the model gave a generally uniform spread of values with a mean of 
41.7 cubic metres for the 3 month season, but the distribution does tail off at about a 
value of around 55 cubic metres at the top end and 20 at the low end (See figure 2.3.7 
below). Thus, the model predicts that amongst the 3000 simulated households, average 
seasonal water consumption per household will most likely lie between 20 and 55 cubic 
metres with a peak at around 48 cubic metres.
Crystal Ball Demo Version 
Not for Commercial Use
3,000 Trials
.018
Forecast: C9 
Frequency Chart
.014 -■
JD .009(O
O
n -005
.000
►
15.00
0 Outliers
- 54
- 40.5
27 c
CT
- 1 3 .5  |
30.00 45.00 
cubic metres
60.00
<
75.00
Figure 2.3.7 Resultant model output, run 1
Run 2. Season set to summer, consumption level set to medium (i.e. increasing 
frequency of hosepipe use, shower and bath use and washing machine use for entire 
community since these are seasonally sensitive). The main assumptions were the same 
(as per tabele 2.3.1), and this was a test to see if there was any significant change to the 
output graph by increasing a few of the values. Figure 2.3.8 shows the resultant graph.
Clystal Ball Demo Version 
Not (orCommeicieJ Use
3,000 Trials
.021 1
-D  .011 (5 ja o
C L  005
►
10.00
Forecast: C9 
Frequency Chart
lw
55.00 
cubic metres
0 Outliers
63
Cre3
15.75 <5
<
100.00
Figure 2.3.8 Model results output from run 2
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There was a small change of shape in the output graph as a result of different random 
fluctuations in the 3000 trials, though there seems to be a central maxima around the 
mean value somewhere between 55 and 65 cubic metres (the mean was 53.74). A more 
definite shape is apparent. Again, the sensitivity analysis show that the overwhelming 
influencing factor was occupancy. As expected, the shape has been scaled according to 
the increased overall consumption.
Run 3: Season Winter, Consumption Level high.
For this trial, the assumptions around the number of occupants were changed so that the 
distribution for number of adults was given a lognormal distribution skewed towards 2 
(mean 2, range 0-5, SD 0.2) and the distribution for children was a beta distribution. 
The beta distribution is much more amenable to uncertainty and can be representative of 
a wide distribution. It was skewed a little towards the much quoted mean of 2.4 
children per household for England and Wales taken from the 1992 Census. As a result 
of these changes, the sensitivity and output graph changed considerably.
Assumption: Adults Cell: C3
S elected  ran g e  is from 0 to  5 
M ean value in simulation w as 2
Lognormal distribution with param eters:
M ean
S tandard  Dev.
2.00
0.20
Adult*
C orrelated  with:
Children (D3) 0.80
Assumption: Children Cell: D3
Beta distribution with param eters:
Children
Alpha
Beta
Scale
2.00
3.00
6
S elected  ran g e  is from 0 to  7 
M ean value in simulation w as 2
C orrelated  with:
Adults (C3) 0.80
Figure 2.3.9 The new distributions for run 3
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Crystal Ball Demo Version
Net for Commercial Use Sensitivity Chart
Target Forecast: C9
* Children .96
* Adults .84
bath .15 m
* 14 .14 E3
shower .07 h
C .06 B
H5 .05 i
H4 .05 I
toilet .05 I
* freq'week -.04 I
* - Correlated assumption " -0.5 0 0.5
Measured by Rank Correlation
Figure 2.3.10 Sensitivity analysis for run 3
Referring to figure 2.3.10, though the number of occupants still dominate the results, the 
volume of bath water used now has more of an influence, mainly due to the varience in 
child usage.
Crystal Ball Demo Version 
Not for Commercial Use
3,000 Trials
.024 1
Forecast: C9 
Frequency Chart
.018
-Cl .012 (0 .a 
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.000
►
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l i l tll ____ a
7 Outliers
71 
- 53.25
35.5 -Q  
Ors
17.75
31.25 42.50 
cubic metres
53.75
4
65.00
-  0
Figure 2.3.11 Results output for run 3
From the output, the distribution is almost triangular with a mean of 41.58, but heavily 
skewed towards a value nearer 36 cubic metres (figure 2.3.11).
What this demonstration has shown is that with a very simple set of assumptions it is 
possible to introduce an uncertainty element into a model and even perform a sensitivity 
analysis. In particular, this process can be used for DM analysis from the micro-
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component level upwards. Data would be needed to validate the model and define more 
realistic assumptions (distributions etc). If a useful model can be constructed with 
appropriate detail (i.e. more influencing variables) and validation, then costs may also 
be incorporated into the model so that cost-benefit analysis can be made of various DM 
techniques. The outputs from the model could be used to simulate entire populations by 
setting the total number of runs equal to the study population, and using the results as a 
rough guide to likely distributions of usage variance. There would need to be a caveat 
of introducing a random element for consumption level to provide more of a variation in 
individual trial output to reflect the highly distributed nature of real consumption 
patterns.
2.3.3 Bayesian Belief Networks
A Bayesian Belief Network (BBN) is a nodal model developed from the concept of 
Bayesian statistics, named after the Reverend Bayes who originated the mathematics 
behind the process. A Bayesian Belief Network is a graphical network that represents 
probabilistic relationships among variables, and is commonly known by a variety of 
names such as Belief Networks, Causal Nets, Probabilistic Influence Diagrams amongst 
others (Heckerman, 1997). The principle of Bayesian theory is based on parameter 
estimation whereby the probability of an event occurring is a function of the ‘a priori’ 
probability and the ‘posterior’ probability following another connected event. 
Mathematically, this may be represented by what is known as Bayes Rule:
P(A\B) = P(B\A)P(A)/P(B) Equation 2 3 2
Commonly, Bayes rule is thought of as the updating of a belief about hypothesis A 
given new evidence B. Thus, the posterior belief or probability, P(A|B), is a product of 
the prior belief or probability, P(A), by the likelihood P(B|A) that B will occur if A is 
true. What this means is that we can make estimates of a probability without first 
knowing the historical trend as a basis for that estimate, and then when the events play 
out, we can update the relationship to reflect the outcome. P(B) is a normalising factor 
in equation 2.3.2, and can be computed from marginalisation if events can be split into 
joint probability distributions, thus Equation 2.3.2 becomes:
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P(A | B) = -^ Al p i ( Al  Equation 2.3.3
YJP(B\Ai)P^Ai)
BBNs make use of Bayes Rule and what is known as the Chain Rule to compute the 
probability distributions of inter-connected nodes. Without going into too much depth 
at this point (there are many published works on Bayesian Networks and probability 
theory), it is sufficient to say that the mathematics behind Bayesian Belief Networks is 
well established, which is why they offer a suitably stable and recognised method for 
dealing with uncertainty (Heckerman and Shortliffe, 1992).
A Belief Network is essentially a directed graph, which has an associated set of 
probability tables. The graph consists of nodes and arcs (Figure 2.3.12). The nodes 
represent variables, which can be discrete or continuous and the arcs represent 
causal/influential relationships between variables. By virtue of the implied probability 
linkages within a network, a problem can be broken into discrete parcels or events, but 
no information about causation has to be entered into the system. Thus, for a situation 
that is riddled with uncertainty, this approach is ideal. Belief Networks have proven 
useful in applications such as medical diagnosis and diagnosis of mechanical failures, as 
well as software systems such as the Microsoft® Office™ help system. Thanks to the 
speed and complexity of modem computers, and the ease of constmction BBNs of 
almost limitless complexity can be constmcted and modelled (Heckerman, 1996).
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occupancy.
Showej other uses; Batnj ^w/machin^ ^Dbhwashe^
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Figure 2.3.12 An example Belief Network
Once a Belief Network has been constructed, it is possible to use this for a number of 
analyses. For example, it is possible to compute the marginal probabilities for all events 
(or nodes), and, through propagation, it is possible to enter evidence of an event 
occurring at any node and discover the probability of other events in the network. By 
adding evidence (either data or judgement) when it becomes available, the model can 
progressively become more refined, and can be benchmarked and edited at any stage.
In a test case as illustrated by Figure 2.3.12 and described by the probabilities in Table 
2.3.2, a Belief Network has been set up that connects water use on the micro scale with 
income, house size, and garden size. The relationships are simple, all of the nodes have 
two states only (represented by the states 1 and 0 in table 2.3.2), and the probability 
states are all based on judgement for the sake of example and ease of analysis. Thus, to 
interpret table 2.3.2, each condition is given a set of states which has an associated 
probability either assigned manually or by cascaded values. For example, the 
probability of the ownership of a dishwasher in this model is dependant on income and 
occupancy and thus has four states (2 ), each with two probabilities associated with the 
two dependant elements. It would be perfectly possible to use continuous variables for 
the nodes, add other influencing factors, use measured evidence for the probabilities and 
examine the relationships further, but to do so would constitute a research project in its 
own right. However, even with this system based on intuitively derived associations
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and probabilities, some interesting results can be seen. Figure 2.3.13 and 2.3.14 show
the conditions of the probabilities for all nodes when the state for demand is set to high.
Table 2.3.2 Probabilities of conditions (states) assigned to each node in 
Bayesian Belief Network (Figure 2.3.11)
probability(lncome) {root node}
0.95, 0.05
probability(Property | Income, Occupancy)
(0, 0): 0.75, 0.25; (1 ,0 ): 0.57, 0.43;
(0 ,1): 0.33, 0.67; (1 ,1): 0.05, 0.95;
probability(Garden | Income, Property)
(0 ,0 ): 0 .8 ,0 .2 ; (1 ,0 ): 0.65, 0.35;
(0 ,1): 0.3, 0.7; (1 ,1 ): 0.25, 0.75;
probability(Occupancy | Income)
(0): 0.55, 0.45; I (1): 0.7, 0.3;
probability(Bath | Property, Income, Occupancy)
(0, 0 ,0 ): 0.92, 0.08; (1 ,0 ,0 ) :  0.75, 0.25;
(0, 0 ,1 ): 0.8, 0.2; (1 ,0 ,1 ) :  0.92, 0.08;
(0 ,1 ,0 ) : 0.99, 0.01; (1 ,1 ,0 ) :  0.98, 0.02;
(0, 1 ,1): 0.97, 0.03; (1 ,1 ,1 ) :  0.25, 0.75;
probability(Shower | Property, Income, Occupancy)
(0, 0, 0): 0.98, 0.02; (1 ,0 ,0 ) :  0.86, 0.14;
(0, 0 ,1 ): 0.7, 0.3; (1, 0 ,1 ): 0.55, 0.45;
(0 ,1 ,0 ) : 0.35, 0.65; (1, 1 ,0): 0.25, 0.75;
(0, 1, 1): 0.25, 0.75; (1, 1 ,1 ): 0.1, 0.9;
probability(Dishwasher | Income, Occupancy)
(0, 0): 0.6, 0.4; (1 ,0 ): 0.9, 0.1;
(0 ,1): 0.1, 0.9; (1 ,1 ): 0.2, 0.8;
probability(W/Machine | Property, Income, Occupancy)
(0, 0, 0): 0.75, 0.25; (1 ,0 ,0 ) :  0.9, 0.1;
(0, 0 ,1 ): 0.4, 0.6; (1, 0, 1): 0.1, 0.9;
(0 ,1 ,0 ) :  0.99, 0.01; (1, 1 ,0 ): 0.97, 0.03;
(0, 1, 1): 0.96, 0.04; (1 ,1 ,1 ) :  0.25, 0.75;
probability(Other U ses | Property, Income, Garden, Occupancy)
(0, 0, 0, 0): 0.4, 0.6 
(0, 0, 0, 1): 0.66, 0.34 
( 0 ,0 ,1 ,0 ) :  0.25, 0.75 
(0, 0 ,1 , 1): 0.05, 0.95 
(0 ,1 ,0 ,  0): 0.95, 0.05 
(0 ,1 ,0 ,  1): 0.7, 0.3 
(0 ,1 ,1 ,0 ) :  0.33, 0.67 
(0 ,1 ,1 ,1 ) :  0.05, 0.95
(1 ,0 , 0, 0): 0.4, 0.6 
(1 , 0 , 0 , 1): 0 .2 , 0.8 
( 1 ,0 ,1 ,0 ) :  0.15, 0.85 
(1 ,0 , 1, 1): 0.05, 0.95 
(1, 1 ,0 , 0): 0.65, 0.35 
(1 ,1 ,0 ,  1): 0.45, 0.55 
( 1 , 1 , 1 , 0 ): 0 .2 , 0.8 
( 1 ,1 ,1 ,1 ) :  0.5, 0.5
probability(Demand 
Dishwasher)
| Shower, Other U ses, Bath, W /Machine,
(0, 0, 0, 0, 0): 0.98, 0.02 
(0, 0, 0, 0, 1): 0.9, 0.1 
(0, 0, 0 ,1 ,0 ) :  0.7, 0.3 
(0, 0 ,0 ,1 ,  1): 0.6, 0.4 
(0, 0 ,1 ,0 ,  0): 0.75, 0.25 
(0, 0 ,1 ,0 ,  1): 0.56, 0.44 
(0, 0 ,1 , 1 ,0): 0.65, 0.35 
( 0 ,0 ,1 ,1 ,1 ) :  0.25, 0.75 
( 0 ,1 ,0 ,0 ,  0): 0.55, 0.45 
( 0 ,1 ,0 ,0 ,1 ) :  0.55, 0.45 
( 0 ,1 ,0 ,1 ,0 ) :  0.63, 0.37 
( 0 ,1 ,0 ,1 ,1 ) :  0.33, 0.67 
( 0 ,1 ,1 ,0 ,  0): 0.58, 0.42 
(0 ,1 ,1 ,  0, 1): 0.4, 0.6 
( 0 ,1 ,1 ,1 ,0 ) :  0.42, 0.58 
(0, 1 ,1 , 1 ,1 ): 0.1, 0.9
(1, 0 , 0 , 
(1, 0 , 0 , 
(1, 0 , 
(1, 0 , 0 , 
(1, 0 , 
(1, 0 , 
(1, 0 , 
(1, 0 , 1, 
(1 , 1 , 
(1, 1, 0 , 
(1, 1, 0 , 
(1 , 1, 
(1, 1 , 
(1 ,1 ,1 ,  
(1, 1, 1, 
(1. 1. 1.
0, 0): 0.72, 0.28 
0, 1): 0.66, 0.34 
0 ,1 ,0 ) :  0.6, 0.4
1 .1): 0.55, 0.45
1 .0 , 0): 0.7, 0.3
1 .0 .1 ) :  0.5, 0.5 
1 , 1, 0): 0 .2 , 0.8
1 .1 ): 0.15, 0.85 
0 , 0 , 0): 0 .8 , 0.2 
0 ,1 ): 0.54, 0.46
1.0): 0.55, 0.45 
0, 1, 1): 0.1, 0.9
1 .0 .0 ) :  0.7, 0.3
0, 1): 0.34, 0.66
1 .0 ): 0.15, 0.85
1, 1): 0.02, 0.98
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Figure 2.3.13 Evaluation of Belief Network for water use with demand set
high
Node Name: Probability: State:
Bath 0.90947 have
0.09053 don't have
Demand 1.00000 high
0.00000 low
Dishwasher 0.50391 have
0.49609 don't have
garden size 0.64267 large
0.35733 small
income 0.94155 high
0.05845 low
occupancy 0.68829 high
0.31171 low
other uses 0.56329 don't have
0.43671 have
property size 0.65295 large
0.34705 small
Shower 0.84179 have
0.15821 don't have
w/machine 0.68035 have
0.31965 don't have
Figure 2.3.14 Tabulated results for Figure 2.3.13
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In this example, a high demand shows us that, in probability terms, the population 
responsible has a high income, and generally have a tendency to own larger properties 
with larger gardens and have a higher occupancy level than average. It also tells us that 
it is likely that the use of showers, baths and washing machines are most responsible for 
the demand. If this were an accurate model, developed with expert advice and data, one 
might draw the conclusion that more affluent areas are likely to be characterised by high 
demand users. One might then assume that low income areas with smaller housing and 
perhaps smaller gardens would result in low demand. The beauty of the model, though, 
is that it can be updated when evidence becomes available, and therefore ‘tuned’ over 
time. Looking at the reverse case, with demand set to low, a different set of results
become apparent (Figures 2.3.15 and 2.3.16).
M T i
Figure 2.3.15 Evaluation of Belief Network for water use with demand set
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Node Name: Probability: State:
Bath , 0.83409 have
0.16591 Ijjagfe don’t have
Demand ‘ . ' 1.00000 SIB®? low
0.00000 high
Dishwasher' 0.73427 don’t have
026573 have
garden size 0.50554 small
0.49446 large
income - ' . ' 0.95933 high
0.04067 lo w .
occupancy ' 0.58699 low
0.41301 high
other U ses' 0.84236 don’t have
' — - . y . 0.15764 ilt§8|t have
property size 0.55605 small
0.44395 . large
Shower 0.68020 have
0.31980 don’t have
w/machine 0.62521 don’t have
0.37479 have
Figure 2.3.16 Tabulated results for Figure 2.3.15
Here, even though demand is low, income is still high, but property size, garden size 
and occupancy is much more probabilistically distributed (i.e. more or less equally 
likely to be large or small), and in terms of uses, bath, other uses, and dishwasher use 
dominate. Again, although this model has not been based on real evidence, one might 
draw the conclusion that only affluent areas with small families (or individuals), 
perhaps living in flats with no gardens, are able to have a lower demand for water. This 
is in no way an attempt to model the reality of the relationship between demand and 
demographic factors, because as previously stated there are too many assumptions made 
about the probabilities involved. However, it does highlight both the nature of 
developing a model with uncertainty, and the potentially surprising results that can be 
obtained with relatively little effort. It also means that models can be built which are 
not reliant on one type of information or another, and the uncertainty can lie in any 
aspect of the system, whether from data quality, understanding, variability or missing 
information. Because the methodology is based on reassessment of probabilities, any 
model developed from BBNs can be continuously updated as new evidence is obtained, 
but it is not reliant on high quality data, and expert judgement can just as easily suffice.
The drawbacks to BBNs are that because they are simple to construct, it is tempting to 
add more nodes than might be necessary, so becoming unwieldy (which can make it
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difficult to follow the relationships to a casual observer), and as the number of linkages 
increases, so does the number of probability conditions that must be assigned. In fact, 
for the simple case illustrated where there are only two conditions per node, the number 
of assignments for any node is 2n where n is the number of connecting links. If the 
number of conditions per node were to increase by only one or two (or worse, a varying 
amount depending on the node), it is easy to see how this can quickly become difficult 
to handle. Fortunately, one can to some extent use propagation to assign conditions to 
unknown system states, but it is difficult to then keep track of where changes have been 
made and to justify them beyond a mathematical outcome. Therefore, despite the 
potential power of BBNs, the practical limitations are imposed by those that design and 
maintain the model.
2.3.4 Geographical Information System s
Geographical Information Systems (GIS) are essentially spatial databases that represent 
their data in a digital cartographic format, so that any geographical information 
(topology, geology, demography, migration patterns, pollution maps, and so on) can be 
used within them. The advantage that GIS offer is the ability to dynamically select 
which information to view and to overlay multiple layers from different datasets 
simultaneously to build up a specific picture of an area that is of interest to the user, 
thus providing a way to rapidly visually absorb the relationship between various 
characteristics of the landscape. In essence, a GIS is a database with a geographical 
front end. Because of this architecture, almost any data that has a spatial element can be 
represented within a GIS, and with the use of appropriate algorithms, it is possible to 
generate new data or make comparative analyses of data which can subsequently be 
envisaged in a manner that allows rapid assessment of resultant conditions. In a way, 
although the GIS makes use of spatial information, the spatial element is kept separate 
from the analysis (although it can be utilised if needed) so that other aspects of data, that 
can otherwise be complicated by the spatial dimension, can be more readily assimilated 
by the user.
In decision-support terms, this offers many advantages, particularly where 
environmental data is concerned as it is often spatial in nature. As an example, it
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expedites the visual recognition of patterns within data, thus providing an element of 
data mining, and it also provides a convenient mechanism to explore the geo­
relationships between datasets. GIS has been used for some years for this type of 
analysis, particularly within disciplines that make use of high quality scientific data 
such as remotely sensed (satellite) data, geological and hydro-geological information, 
meteorology, civil engineering (e.g. highway planning and monitoring) and so on. 
However, it is also possible to encode data with a spatial dimension that was not 
previously present, thus adding a new and potentially useful analytical aspect to data 
that, without it, can appear confused or amorphous. Industry has used this to their 
advantage for asset and network management within utilities, for example, and new 
areas of study are beginning to see the benefits of GIS, particularly within the social 
sciences.
Very recently, GIS data manipulation using techniques that lie within the field of AI and 
uncertainty management are beginning to surface, which utilise some of the methods 
already discussed. Uncertainty in water supply management does however lead to some 
problems when using GIS, particularly for demand' management, since the data on 
which it might be based can be of poor quality and may not have a clear spatial 
dimension, or at least, the spatial aspect to the data might only be inferred rather than 
being a known quantity. Therefore uncertainty handling techniques must be applied to 
both the data itself and the way it is represented on a map. Most GIS systems do not 
intrinsically have a way of representing uncertain spatial information but In fact require 
precise co-ordinates of discrete data elements.
A conceptual model of a spatially related decision support system was developed to 
illustrate the potential power a GIS approach, represented in Figure 2.3.17. The model 
utilises a GIS at its core, but also adds elements to capture normally non-geospatial 
information and encode it as such, provide a rule base upon which calculations of 
dataset interactions can occur and elements of mathematical modelling to add a dynamic 
function for predictive purposes. The important aspect of the model, which will be 
discussed in greater depth later, is the integration of social information in the form of 
data resulting from research surveys, which is both represented in a spatial manner, and 
used to generate a rule- or knowledge-base from which to base a subsequent decision
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analysis engine. Since social information will tend to include demographic data, a 
model of the target population growth and change patterns over time is generated by 
examining census data, and this in turn provides the impetus for the temporal aspect of 
the system (items 2 and 4 in the figure). Lastly, the model feeds into the aspects upon 
which the need for such a system is based, that of water asset and demand management. 
For this conceptual system to work, significant effort in data capture and processing is 
required prior to use of geospatial representation, particularly in collecting information 
on needs, attitudes, awareness and so on from user stakeholders by way of survey or 
other means (item 3 in figure 2.3.17). Such information requires detailed analysis 
appropriate for the nature of the information, some form of process for encoding the 
results and a mechanism for visually representing the uncertainty in these data once 
drawn into the GIS. And once functional, the method used for spatial analysis (item 5) 
needs to account for the uncertainty and provide a useful quantification of this as output. 
These are challenging tasks, each with its own set of complexities and potential pitfalls. 
Thus, whilst this idealised concept is perhaps a useful way of encapsulating an end goal 
for a DM tool, it by no means represents the full range of issues which must be 
addressed in the process.
Survey  P rocedun
Questionnaire Desig 
Sampling 
Data collection
(3) R ule  D evelopm ent
G eograph ic  la y e r  (1)
C e n su s  L ayer (2)
survey  la y e r  (3)
popula tion  p red ic tion  la y e r  (4)
D em and zone la y e r  ( re su lt layer)  (5)
Demand Management Zones 
Peak demand zones 
Asset allocation
Figure 2.3.17 Schematic of conceptual GIS based DSS
(l) CIS (4) P opu la tion  change ru les
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2.3.5 Knowledge Based Expert System s
Knowledge Based Expert Systems (KBES) refer to a class of computer based tools that 
stored captured expert knowledge in the form of a rule-base or more commonly termed, 
knowledge-base. KBESs are also often referred to simply as expert systems. Expert 
systems are usually developed to meet the needs of an organisation or system where 
human expertise is difficult to obtain or is at a premium, or where interpretation of a 
situation or event can be ambiguous because knowledge of the condition is new, 
uncertain or disputed. In nearly all cases, expert systems are extremely specific to a 
particular commonly occurring problem or set of conditions, and hence are not 
transferable -  each expert system has to be built from scratch for each new domain 
problem.
To create an expert system, rules are elicited from domain experts by asking them 
specific questions which they must answer with a weighting to indicate their confidence 
in their response or diagnosis. The weightings allow for a certain amount of uncertainty 
within the rule-base, although typically a number of experts will be used to form the 
rule-base and the weightings that each expert gives are aggregated or used to generate 
alternative diagnoses. The rules are often stored in the form of logic statements along 
with the weightings for each (or sometimes as fuzzy rules e.g. used in a freely available 
system called Fuzzy CLIPS), and the expert system is then used as the user interface. 
Behind the interface and rule-base is an inference engine, which is most commonly 
based on predicate logic. In use, the system asks the user a series of questions, and, 
based on their answers, an opinion or series of possible answers is given along with the 
accumulated weighting on the basis of the given evidence. Some systems even explain 
how they arrived at their answer through displaying the symbolic logic process as a 
series of statements.
KBESs were popular in the early to mid nineteen eighties as experimental tools and 
standalone systems, but then research attention moved to other emerging AI techniques 
such as BBNs, genetic algorithms or neural networks, which began to be absorbed into 
commercial application software such as business software. Perhaps the most famous 
KBES is a system called MYCIN, designed for medical diagnosis, which was
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developed by Shortliffe and Buchanan in the 1970’s. Since the World Wide Web 
developed and became more widely accessible in the latter half of the nineteen nineties, 
interest in KBESs has re-emerged. This was the case particularly because of the 
concept of distributed Expert Systems where expert rules are provided by a process of 
collaborative input across the Internet which allows for greater flexibility and 
immediacy of the information they can contain. As an example of this, and in a similar 
vein to MYCIN, the National Health Service in the UK has launched a medical advice 
and diagnosis system on a web site called NHS Direct. This website is aimed at the 
general public for the purpose of cutting down the waiting time that a patient might 
experience in trying to obtain medical advice. In essence, this style of KBES is more 
organic and ‘live’ because of the constant evolution of such systems and the relative 
ease with which the knowledge they contain can be updated, and this is important as it 
adds good potential for its application in any part of the world without the need for 
specialist software (i.e. a computer with a web browser and an Internet connection, 
which are ubiquitously available).
The concept and realisation of knowledge based rules does lend itself particularly well 
to the encapsulation and systematisation of qualitative and, through a process of 
weightings or fuzzification, uncertain information which is characteristic of heuristics 
and tacit knowledge. The maintenance of these rule bases can be time consuming and 
labour intensive, but there are emerging technologies which may hint at means to 
automatically keep a rule base updated and current, through the use of linguistic 
analysis tools. By simply collecting data by various means (from traditional interviews 
to systematic downloading of appropriate regularly updated web pages) and feeding this 
through a software capable of processing large volumes of text and extracting 
meaningful rules based on predicates and linguistic patterns, it could feasibly provide a 
route to the next generation of KBES that can self-maintain.
2.3.6 Automatic Linguistic Analysis
Perhaps some of the most interesting research within AI of late is in the field of 
automatic text and speech analysis, utilising the recent large increases in computing 
power available in desktop machines. A key challenge in the world of AI is to enable
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machines to interact with humans using natural language, a feat that has yet to be 
adequately achieved. Nonetheless, the spin-offs from this challenge include analysing 
written language in a way that allows the machine to rapidly extract themes, meaning, 
and a number of more complex concepts used by the linguistic analysis community 
from vast quantities of text, that by hand would take months or even years. There have 
been a number of advances made within the research community, but applications are 
still rare.
One approach adopted by the Department of Computing’s Artificial Intelligence 
Research Group at the University of Surrey is to examine large corpuses of text from 
specific domains, and compare this with a general language corpus (the British National 
Corpus) in order to characterise the nature of the domain language, thus enabling better 
machine recognition of new texts and to increase the knowledge extraction capabilities 
available via lexicographical means. To do this, a software toolkit was developed called 
System Quirk, named after Quirk who was amongst the first to recognise the 
possibilities of comparative text analysis by examining word frequencies.
In this research, System Quirk was used to analyse data transcribed from focus-group 
style interviews in order to demonstrate a systematic, semi-automated method of 
content analysis which can be used without the need for more than a relatively small 
amount of prior knowledge of linguistics. This is a novel use of the software, as 
previously it had only been used to analyse written text, which is substantively different 
in style to spoken language. The process of data collection and analysis is described in 
detail in Chapter 3. The important aspect to this approach is that it provides a hope for 
an accessible method to assist in the systematic analysis of qualitative data, which in 
combination with appropriate knowledge bases for instance (or Intelligent Assistants), 
opens the door to knowledge extraction from a wide variety of sources such as the 
world wide web and distributed networks, and in particular, unstructured elicitation 
exercises with stakeholders.
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2.4 Data Collection
One of the main objectives of the research was to develop methods that will allow water 
managers to improve decision-making so that it incorporates sustainability (especially 
social sustainability) issues, and in particular, to ensure that it provides a bridge between 
the engineering dominated world of water companies and the end users whose lives are 
complex and whose demand patterns are formed from many complementary factors, the 
links between which are uncertain or fuzzy. First, largely computer based decision- 
support methods were examined which may provide potential tools to accomplish this 
goal. The second stage was to obtain data in the appropriate form that could validate 
and substantiate these methods and their usefulness in the context of the research aims.
Since social sustainability and end user issues were the primary target for examination, 
it was a natural step to look at obtainable data in the right form for adaptation to the 
techniques researched. With this in mind, it was decided that certain methods would 
need to be ‘borrowed’ and adapted from the social sciences, with the caveat that the 
work itself would not be able to be classed as social science research, but in fact a cross- 
disciplinary approach that touches on a number of subject areas including social 
science. A starting point was to list the sorts of data that would be available to water 
companies as a matter of course. This is listed in Table 2.4.1. Although a picture can 
be built up out of this data, only commissioned research will yield the kind of detail 
necessary for comprehensive demand management that, accepting blanket control 
methods rarely work without some drawback, takes into account the needs of the user. 
What is more, each dataset has its own characteristics amenable to certain types of 
analysis, but which may not necessarily apply to other datasets. Thus, not only is there 
a need for a systematic method of data collection, but also a scheme for applying 
appropriate analysis techniques, and associated knowledge on best practise for their 
usage to provide a form of quality control.
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Table 2.4.1 Typical data available to water companies for demand
management
Data Use
Census data Household patterns/ demographics
Customer billing data Property value/ payment reliability
Metered household data (10-25% of 
customers only) Seasonal water usage
Zonal metered data Seasonal usage for an area1
Treatment works flow data Output*
Council Tax bands Property Value3
Commercial Market Research data Demographics/ consumer patterns
Electoral Register Adult occupancy
Previous Research Detailed4
Commissioned research Detailed
Other Government statistics varied
Other commercial statistics varied
Micro-component metering Detailed usage3
Notes: 1 Ignores leakage -  only an indication of dem and, but not household specific
2 Ignores leakage -  water output d oes not necessarily  translate to w ater used
3 Only a  rough guide, not m arket value
4 Not necessarily applicable to W ater Com pany catchm ent area
5 This is expensive, invasive and h as only ever been  done experimentally
Some of the data available can be difficult or expensive to obtain, particularly if it is 
detailed or is based on commercial market research. It is, however, within the realms of 
possibility for a water company to conduct its own research and data gathering 
exercises, which although can still be costly and time consuming, are much more 
controllable and will yield exactly the right information required, as long as they are 
done in an informed way, with appropriate expert guidance. Thus, a consistent and well 
designed protocol would need to be implemented for any data collection exercise that 
lies outside the normal domain of knowledge contained in a company. An example of 
where this might apply is social survey data. A social survey, unlike market research, 
has strict methodological edicts associated with it, and the quality of the data that it 
yields is directly related to the design and implementation of the survey. Because of 
potential pitfalls in quality control and consistency in data collection, the use of 
‘intelligent assistants’ is an idea which can have particular relevance when dealing with 
a seemingly unstructured process such as qualitative data acquisition. The notion of 
‘Intelligent Assistants’ was developed to encompass techniques of AI related to 
knowledge engineering, text retrieval and databases that can operate in a manner similar 
to human assistants (Ahmad and Griffin, 1992). In other words, human experts often 
rely on assistants to help gather, sort, and structure data so that the expert can focus on 
interpretation and decision-making. However, where the collection of data involves
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types that typically lie outside the domain of the expert, a computer-based intelligent 
assistant can possibly provide a more efficient and rapid system than seeking external 
expertise.
In fact, a survey is only one of an array of different data collection methods used by 
social scientists, but it is perhaps one of the commonest, and this is mainly due to its 
usefulness, ease of implementation, and with enough resources, high data yield with 
which reasonably good quality statistical analysis is possible. For this research, the 
social survey was used as an example of the type of information and analysis that can be 
applied with the aim of providing a better picture of not just water demand, but the 
behaviour and attitudes that help explain that demand. The design, execution and 
processing of resultant data is described fully in Chapter 3.
Much of the focus of the techniques explored so far have involved expert knowledge. 
One of the main ingredients of AI systems is expertise, and as a consequence, one of the 
most important aspects of system design that involves domain knowledge is ‘knowledge 
elicitation’. In many cases, elicitation takes the form of structured, one-to-one 
interviews or self completion questionnaires with chosen volunteer or paid experts. 
However, one aspect of social sustainability is that every stakeholder has certain needs, 
and meeting those needs, as well as the needs of future generations is one of the primary 
goals of sustainable development. To accomplish this, it can no longer be sufficient to 
rely on top-down governance of resources that affect people’s daily lives, but 
management decision-making should be inclusive and discursive in order to fully 
understand and react to users’ needs. Thus, to understand stakeholders (who include 
water professionals and experts), and embed the appropriate information within a 
knowledge based system designed to aid improved sustainability directed decision­
making, knowledge elicitation must be extended so that the term ‘expert’ can 
encompass the people who are most knowledgeable about needs and resource demands; 
the end user. This means in effect that focus should shift from expert knowledge to 
stakeholder knowledge.
Since, as it has been argued, the water consumer (i.e. user) is a stakeholder, and 
stakeholder knowledge is key to effective demand management and sustainable
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development, new methods of knowledge elicitation must be adopted (since one-to-one 
interviews are simply too time-consuming and therefore inefficient). There are no 
single techniques that will work given this condition, and therefore a combination of the 
most appropriate methods should be considered, the exact ‘mix’ of which will be 
dependant on each individual situation or data requirement. For this research, a study 
population was chosen that the author was informed represented a typical community 
within the Thames Valley, primarily because of convenience of access and available 
contacts. Due to its size and the nature of the population, both social survey and focus 
group style interviews were adopted as data collection and knowledge elicitation 
techniques respectively.
Focus groups have received much attention throughout the last decade, perhaps because 
they have been used, most famously, by the Labour Government under Prime Minister 
Tony Blair, whose approach to governance, termed ‘the Third Way’ is, in theory at 
least, an inclusive style of democracy. Again, it is stressed that this is one technique of 
many possible, and it was chosen in the context of this research because the study 
population was small, the analysis technique chosen required textual information with a 
reasonable coverage of volunteers for the sake of efficiency, and simply that it was a 
demonstration of one possible method that could practically be applied given the right 
circumstances. Other elicitation techniques used for large groups include open-ended 
written questionnaires, structured public meetings, user group fora and so on.
There is a certain level of knowledge and expertise needed to conduct some of these 
data gathering exercises, but it is this sort of knowledge that could also be captured as a 
KBES (to form a sort of intelligent assistant) or written into a ‘data management 
system’, since a complete understanding of social science data techniques is not critical. 
In order to retain and pass data gathering knowledge effectively within an organisation, 
without the expense of individual training, an expert system based tool would provide 
the necessary means to accomplish this. Such a tool could form an aspect of a larger 
(perhaps intranet-based) system comprising a data collection process tool, a set of 
analysis tools and a decision support system.
Page 84
Decision-support for Sustainable Water Supply Management
EngD Portfolio Jason Collins-Webb
2.5 Discussion
In this chapter, it has been identified that sustainability in water management requires 
that all parts of the system be included in the decision-making process, for both 
operational and strategic decisions. In particular, the demand for water is an aspect that 
has important influence over the environmental, social and economic dimensions of a 
supply system, and yet is the least definable, most uncertain and the hardest element to 
control. Demand Management comprises a set of different techniques that can be used 
to influence the behaviour and attitudes of consumers in order to control, and if 
necessary, reduce their collective demand for water. However, to implement Demand 
Management requires that a certain level of knowledge about consumers and their 
behaviour is known. As is often the case with water supply systems (as described in 
Chapter 1), especially in developing countries, this information is commonly unknown, 
difficult to obtain, and even when accessible, can be of poor quality.
Treating Demand Management as a systems problem, there are three main elements 
which should be addressed, namely: data, processing (analysis) and output (decision- 
support). By understanding the nature of DM, it is clear that the characteristics of the 
data that are associated with it will require techniques that lie outside the conventional, 
engineering or deterministic-based approaches to analysis that might be employed for 
the supply side of a water supply system. Thus, several techniques common in the 
world of computing and AI have been examined which are particularly well adapted for 
dealing with uncertain, qualitative or ill-defined information. It is surmised that these 
approaches can be applied successfully to the given scenario, and as a side effect, can 
provide a bridge between the domain of the engineer and those of sustainability and the 
social sciences (where techniques for gathering demand-side data are borrowed). What 
makes these techniques so useful, where other might not prove so applicable, is that 
they use a systematic approach, even though the data might not at first appear to lend 
itself to such analysis, particularly if it is qualitative.
In terms of data collection, there might be gaps in that which is nominally available to 
water managers (see table 2.4.1), particularly in reference to consumer behaviour and 
attitudes. Whilst notionally there is little to stop water companies (or any organisation
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for that matter) obtaining such data, save perhaps financial and human resources and in 
an extreme scenario, a community of users unwilling to engage in a corporate initiated 
process which could potentially be perceived as intrusive, there is still a need for a 
consistent method to use this information. In fact, if there are no relatively
straightforward (and available) processes to integrate the data, and any level of
abstraction from it, into normal business decision-making, then it may seem a pointless 
or futile exercise to the managers whose roles may well be multifarious to begin with. 
This is borne out from anecdotal evidence from interviews with water company 
employees. Also, in the interests of harmonisation across the industry, with no agreed 
standards or protocols on collection methods, the data may be perceived as of ‘dubious 
worth’.
It is argued that the methods highlighted in the previous passages and demonstrated in 
the following chapter for both data collection and analysis (and there may undoubtedly 
be more) are suitable for the task of standardising and systematising the qualitative and 
uncertain aspects of DM. Furthermore, it is suggested that these would perhaps be
overlooked in the normal course of dealing with the problem because their respective
disciplinary roots lie outside the normal expertise of water industry operatives. Each 
analysis or modelling technique has its strengths and weaknesses, and therefore it would 
be misleading to suggest that any method should be used in isolation, especially where 
it is new, is being applied in a novel way, or lacks validation data. It is also suggested 
that no one method will enhance the accomplishment of the tasks needed to fulfil an 
effective DM strategy, and that a ‘toolkit’ is needed which provides the range and 
flexibility to deal with the many facets of DM. Such a toolkit should also be able to 
determine, or enable the user to determine, which data collection, analysis and reporting 
methods are most appropriate in any given situation.
A conceptual model has been created that seeks to clarify the nature of the toolkit 
described (Figure 2.5.1), but as yet, such a system has not been realised. The time and 
effort required to construct a system comprising of three expert systems, a stable and 
tested analysis module consisting of multiple elements and appropriate data handling 
inter-linkages would require an enormous effort and good resources (both human and 
financial), which are beyond the scope of this research. However, if such a system were
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built, it is believed that the input required would be worth the potential benefits to the 
industry, and once initial development was complete, maintenance would be relatively 
simple and less resource intensive.
U s e r
requirements
D a t a  c o l l e c t i o n  
e x p e r t i s e Rule Base
I n f e r e n c e
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Figure 2.5.1 A sch em atic  representation o f a conceptual d ec isio n  support 
sy stem  for dem and-side m anagem ent to improve sustainab ility
The toolkit utilises expert knowledge from a variety of disciplines in order to bring 
them together in a unified system, but the flow of knowledge is sequential in order to 
maintain a systematic approach. The system comprises of a number of modules or sub­
systems. There are three knowledge rule bases tied into expert systems which guide the 
user to specific actions and processes in order to either collect data, analyse data, or aid
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decisions. The first sub-system in the toolkit, an expert system, interrogates the user to 
discover what sort of information is required, to determine the best data type and 
collection method depending on criteria, such as target population size and type, and 
defines collection and design strategies appropriate to the data required, likely resource 
requirements, and offers guidance on appropriate information and training requirements. 
This expert system would utilise expertise from social sciences, market research, other 
utilities, academic sources (papers, books, conference proceedings etc.) and perhaps the 
Office of National Statistics (ONS) or statistics agencies appropriate to the country in 
which the system would be used and encapsulates knowledge about the types of data 
required for sustainable DM decision-making, i.e. qualitative stakeholder related data.
Once data had been collected according to the methods and procedures described by the 
expert system outside of the system itself, a second KBES would determine the best 
analysis method based on information about the data including type, quantity, quality, 
coverage etc. and the output of the first rule base would form part of this input. Finally, 
after analysis using whichever method(s) suggested by the second KBES (indicated as 
possible options or tools by the cloud motifs in figure 2.5.1), the crucial part of the 
system would use this information to recommend the most appropriate DM strategy or 
measures. This task would be the most complicated and would require expertise from 
academics (environmental, social scientists, civil engineers), water industry, 
government agencies, and stakeholders.
In order to tie such a toolkit as described together, it will be necessary to implement 
some form of audit trail in order to log the entire process and enable repetition or minor 
variations to the process in the future, and also for reporting to stakeholders. This may 
take the form of an automatic documentation process, or simply a database of actions. 
The importance of this aspect to the system cannot be underestimated, particularly 
because the data used for decision-support is obtained directly from stakeholders, so 
transparency of use is essential to allay potential fears of corruption and misuse of 
information supplied in good faith.
Part of a well formed sustainability strategy involves stakeholder dialogue, a complete 
openness to any decision processes that will directly impinge on stakeholders’ lives
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(especially external stakeholders such as consumers), and a determination to remove 
any trace of organisational corruption. This policy can only be demonstrated if the 
systems in place to enhance the ability of the organisation to achieve the goals of 
sustainability, are also transparent. Achieving transparency in decision-making is one 
of the hardest tasks to accomplish (ADB, 1995 and Andersson, 2001), particularly 
where complex information and analysis techniques are used, and it is an unfortunate 
side-effect of the nature of many of the methods and tools discussed in this chapter, that 
to the lay-person, they could seem confusing, complex and difficult to apply.
Because of this, part of a system design specification for a decision support system 
derived from a conceptual model such as this, should include comprehensive 
documentation and reporting tools written in an accessible way. This would ensure that 
all stakeholders are included and given the opportunity to understand the strategic 
processes of decision-making in order to develop informed opinions.
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Chapter 3 Data and Analysis
Summary
The main emphasis o f this chapter is a description o f the practical research carried out 
in order to exemplify the issues surrounding data management which are appropriate 
fo r  demand management involving stakeholders, its collection and analysis. The 
chapter is roughly divided into two areas defined by data type. The first data type is 
sociometric, gathered by a process o f social survey on a case study community in the 
Thames Valley. The second data type is more qualitative in nature, and was obtained 
through the use o f focus group style interviews, the subsequent analysis o f which utilises 
a novel approach using corpus based linguistic techniques. Finally, the results o f the 
data management techniques applied are discussed. The data is unique and provides 
strong evidence fo r  stakeholder knowledge having relevance fo r  influencing demand 
management.
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Chapter 3 Data and Analysis
This chapter examines in detail two types of data that were collected and the associated 
analyses that were conducted in order to demonstrate their potential in improving 
knowledge of water consumer behaviour, with a view to enhancing decisions regarding 
implementing effective Demand Management strategies. Socio-demographic variables 
are under-used in water management and yet could be potentially important for demand 
prediction (Murdock et al, 1991), and it is surmised that similarly, attitudinal data is 
largely unused also. Two data collection methods were used, ‘borrowed’ from 
techniques used by social scientists. The first, a postal questionnaire survey, was 
conducted first as a pilot within HR Wallingford’s employee base, and then to a 
randomly selected sample of the population of a largely affluent Thames Valley 
community in Goring-on-Thames.
The data yield consisted of a mixture of numerical, categorical and qualitative 
information. The analysis used involved certain statistical techniques. For reference 
purposes, the questionnaire design, variables used in analysis, the tabulated results and 
subsequent analyses are provided in Appendix 1, 2, 3 and 4. The second method was 
focus group style interviews conducted with residents of Goring-on-Thames and 
employees of HR Wallingford. The interviews were transcribed yielding text based 
qualitative data, and this was analysed using System Quirk, described in detail in 
section 3.2.4. The transcripts of the three focus groups plus a qualitative assessment of 
Group 1 is provided for reference purposes in Appendix 5. Lexical analysis as 
described in the following chapter also included a transcript of an interview with an 
employee of a water company, and this is also included for reference in Appendix 5.
3.1 Survey
A survey was conducted using a postal questionnaire technique in order to gather data 
relating to demographic information, self-assessed water consumption and attitudes 
towards water supply and use. The aim was to obtain a range of different, but related 
types of data that could be statistically analysed and potentially utilised as a basis for a
Page 91
Decision-support for Sustainable Water Supply Management
EngD Portfolio Jason Collins-Webb
model using some of the techniques discussed in section 2.3. The village of Goring-on- 
Thames, with a population of just under 3000, was selected as a typical Thames Valley 
community in terms of water use, the responsibility for supply of which is confined to 
Thames Water pic with the exception of one or two privately owned wells. The strategy 
was to develop a relatively short and practical questionnaire based survey that would be 
easy to answer for the respondent and straightforward to analyse by using rapid 
statistical techniques. The data collection and analysis is described in this section.
3.1.1 Survey implementation and sampling frame
To design the questionnaire, a set of hypothetical questions was developed which 
should be able to be answered using the results and analysis of the survey, listed in table 
3.1.1. A pilot questionnaire was pre-tested on 17 employees of HR Wallingford Ltd 
(i.e. 17 returned questionnaires from a targeted sample of 10% of the company or 25). 
The questionnaire was then refined based on written feedback from the respondents 
before release to the general public. The questions were closed, that is to say as un­
biased as possible; the layout of the questionnaire was clear and concise; the total 
number of questions was kept to a minimum; questions were ordered in a logical way; 
and the language used was uncomplicated and neutral.
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Table 3.1.1 Design questions to be answered by the results from the 
survey
1) Who are the most significant groups of households using a lot of water?
2) What percentage of the households is likely to react to non-monetary encouragement to 
save water? What are the likely percentage savings in water use in Goring as a whole?
3) What types of household are likely to accept water metering voluntarily? What is the 
likely saving in water use in Goring as a whole?
4) What type and number of households are likely to take up an assistance grant towards 
installing low water use appliances? What is the expected percentage saving in water 
use from this?
5) What types and number of households is likely to accept a stepped water charge system 
with meters based on a) average water use and b) household size, and what is the likely 
saving?
6) What type and number of households are likely to recycle greywater for toilet flushing and 
garden use? What are the projected water savings and losses in return flows?
7) What is the likely effect of gradual upgrading of the efficiency of household washing 
appliances? - in terms of water use?
8) What is the likely value of water saving devices and services bought by Goring residents 
as a result of the above measures?
9) What is an acceptable definition of ‘essential base water use’ in various types of 
households?
The questionnaire (reproduced in Appendix 1) consisted of 13 main questions with sub­
questions and was divided into three sections:
• ‘About you and your home’
• ‘Your water use’
• ‘Your attitudes towards water’
Section 1, entitled ‘About you and your home’ (questions 1-5), was largely concerned 
with demographic data and set out in the form of multiple choice answers to determine 
the type and size of the property and details of the occupants.
Section 2, ‘Your water use’ (questions 6-9), requested information on water and 
electricity bills to allow a comparison with the other essential 'service' that is supplied 
minimally to all households. All households, including the minority of metered 
households, were asked to estimate the frequency of use of the following water 
consuming activities: shower, bath, toilet, washing machine, dishwasher, hosepipe, lawn 
sprinkler. This data was used to evaluate the respondents total estimated water use by
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multiplying the frequencies with average volume consumption data per activity supplied 
by Thames Water.
Section 3, ‘Your attitude to water’ (questions 10-13), was devised to indicate 
householders' attitudes to water supply in relation to key issues that a water demand 
forecaster or decision-maker might need to know, summarised in Table 3.1.2.
Table 3.1.2 Attitudinal questions used in the survey (*refer to Appendixl)
Key question Related demand issu e Supporting q uestions *
121V) If your property js 
not currently fitted with a 
water meter, would you be 
prepared to be metered 
voluntarily?
Will users accept metering? me, 11 i f
12V) To help control water 
demand, would you be 
prepared to pay more for 
using water for non- 
essential uses such as 
garden watering or a 
power shower for example
Will users respond to cost 
incentives to reduce 
consumption?
10, 11IC, 111F, 12VI
12111) Would you be 
prepared to have water 
saving devices and 
fixtures such as low flush 
toilets fitted in your home
Will users consider 
alternative technologies in 
order to reduce 
consumption?
111B, 11 ID, 11IG, 12VIII, 
13B, 13D
Most answers to the questions in this section were provided based on a 1-5 sliding scale 
of agreement with the question posed, in accordance with a Likert style response. 
Several of the propositions were phrased in different ways to ensure consistency in the 
answers. The respondents were also asked to value their water supply in comparison to 
their supply of electricity. In this context, it was believed that in Goring electricity is 
unlikely to be used for heating because it is well supplied with gas. The consumption of 
electricity is therefore mainly linked to the use of household appliances, some of which 
also use water. The questionnaire sought the householders views of economic, social 
and environmental aspects of water use. Questions were also asked on whether the 
respondent would be prepared to help reduce water use by installing various water 
saving devices or changing water using habits and their views on different methods of 
charging for water.
Approximately 25% of the population (250 households) was randomly selected to 
receive a postal questionnaire by utilising a computer based random number generator
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combined with the electoral register, thus simple random sampling was employed. A 
return rate of 40% was expected, but in the event, a return rate of only 29% was 
achieved (72 households), despite a prize draw incentive for returned questionnaires. 
This is slightly less than the ideal of 93 (37% return rate) at 95% confidence level and 
0.1 precision. The survey took place in April 1998.
3.1.2 Results of survey
Appendix 2 and 4 contains further analysis of results from the survey.
3.1.2.1 Demographics
The completed questionnaire came from 72 households representing approximately 230 
people (including children) which is around 9% of the total population of 2645. The 
modal household income and property value were in the ranges £25-40,000 and £120- 
180,000 respectively. Although the property values were high on average, this did not 
tally particularly with incomes. This can be explained, however, in that 46% of 
respondents were retired and living on pensions or part-time incomes (many will have 
small mortgages or own their properties outright). Thus, the community appears fairly 
affluent with perhaps a good degree of disposable income available for purchasing 
'labour-saving' appliances and non-essential household equipment that may consume 
water. The proportion of retired members may perhaps be higher than found in other 
comparable settlements in the region, although this would need to be verified with 
further studies. Of the non-retired respondents, the majority of the chief income earners 
were professionals or semi-professionals. The mean occupancy was 1.8 adults and 1.3 
children.
3.1.2.2 Water use
The householders were asked to estimate their frequency of use of water consuming 
activities. The use of hosepipes and lawn sprinklers during the Summer had a 
significant impact on their estimated water use, and this has been identified as a 
significant issue by other studies, including OFWAT (1996). 22 of the households had
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very recently had meters installed and this produced a small amount of independent data 
(Appendix 2) that was used to estimate the accuracy of the figures for water 
consumption based on estimated equipment/ activity use. This showed that the mean 
estimated annual water consumption was slightly lower than the mean measured value 
(a difference of 6.7%), but with a wide standard deviation of 28.9% (ignoring one 
outlier) which was to be expected due to the difficulty of estimating water use, 
particularly for garden irrigation purposes.
The underestimation may be partly explained by such activities as watering indoor 
plants and miscellaneous cleaning activities; in other words, infrequent uses that were 
not identified in the questionnaire. It was considered that although the standard 
deviation, a, was large, over the population as a whole the mean value would tend to be 
used for quantifying demand and therefore further corrections would not be necessary.
The average estimated water use per capita per day for each function for the sample was 
calculated using the figures in Table 3.1.3.
Table 3.1.3 Values used to calculate water use based on activity
Activity Mean Volume per 
use (litres)
Calculated per- 
capita volume 
per day (non­
summer) (litres)
Calculated per- 
capita volume per 
day (summer -  
June to August) 
(litres)
Shower 45 64
Bath 110 136
Toilet 7.5 112
Washing machine 80 72 As per non-summerDishwasher 30 16
Potable use 8 litres per day 8 litres per day
Unaccounted for 
water
27 litres per day 27 litres per d a /
Hosepipe 500 litres per hour 20 litres per hour 128
Lawn sprinkler 500 litres per hour 0 litres per hour1 36
Total - 152 296
Note: 1. A value of 0 is used to indicate that lawn sprinklers are generally not u sed  during non-sum m er months.
2. From Herrington, 1996 (see  text).
The official average per capita consumption for England and Wales in 1995 was 147 
litres per day (UKWIR, 1997). Herrington (1996) uses a value of 27 litres per day as an 
aggregated average value for unaccounted-for uses, and includes activities such as 
watering indoor plants, children’s play, miscellaneous cleaning activities etc. The
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summer value rises sharply to 296 litres per day which when aggregated for the full year 
gives a value of 181 litres per day (assuming summer usage accounts for one quarter of 
annual consumption). The values shown are much higher than those estimated by 
Foxon et al (2000) for the whole Thames Region, although it should be noted that their 
study was treating the system as a city and used micro-component values based on those 
estimated by Herrington (1996). It could be argued, therefore, that hosepipe use may be 
less in urbanised areas, but this and micro-component demand differences between 
urban and rural areas requires further research and verification. Also, their assumptions 
about the reduction effects of metering are uniform across all micro-components of 
demand, whereas a study such as this can show that in fact people are more likely to 
only reduce their use of certain activities such as garden irrigation for example.
The value of 164 litres per day used for planning purposes which may allow for leakage 
losses in the system and an uncertainty buffer for unexpected demand (Pezzey and Mill, 
1998) is also lower than this annual average of estimates. If the means of returned 
estimates are taken as a fairly accurate (although not precise), then the fact that the 
Thames Water region enjoys the lowest water bills in England may in part account for 
the high consumption. Other reasons might include the nature of the community with 
factors such as high income, perhaps more leisure time available than to most 
(especially amongst the retired members) and a largely uninterrupted supply thanks to a 
nearby borehole. It is clear that hosepipe use during the summer accounts for a high 
proportion of the annual water consumption in the critical summer months, and 
therefore gardening and outdoor domestic activities play a crucial part in demand 
patterns for this specific community.
3.1.2.3 Correlation analysis
A correlation analysis using a Spearman Rank Correlation matrix was applied between 
the main variables. Due to the noisy nature of the data (primarily because of the small 
sample size), it was expected that correlations with p values higher than about 0.5 were 
unlikely, thus correlations were considered to be significant if the p value exceeded 
0.35. The water bills were weakly correlated with the estimated water use (p=0.31) 
despite the fact that 29% of the households in the sample were metered (and in fact, it
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may be the case that removing the metered households from the sample would decrease 
the correlation substantially). This may, of course, be in part caused by poor estimation 
on the part of the respondents. Estimated water use did roughly correlate with the 
number of occupants (p=0.48) and income (p=0.52), but it did not correlate well with 
property value which is the present basis of charging unmetered households. More 
interestingly, the estimated water use correlated reasonably well with electricity use 
(represented by electricity bills) with a p value of 0.46. This is not unexpected as many 
water using appliances also consume reasonably large quantities of electricity, 
particularly washing machines, dishwashers and power showers. The relationship 
between income and water use has been demonstrated in previous meter-based surveys 
(Edwards and Martin, 1995)
The use of this form of correlation analysis could be reasonably automated through the 
use of a fuzzy rule base that examines p values and reports those correlations that are 
deemed significant, based on thresholds which can be set according to the type of data 
used, where it was obtained, statistical significance and so forth. Alternatively, it would 
be feasible to develop a system that ‘learned’ patterns associated with particular types of 
dataset by looking at maximum and minimum p values and the spread of values 
between. Such a system would need validation from metering studies, but could be a 
useful tool in strategic planning, providing sufficient data could be reliably gathered.
3.1.2.4 Attitudes
The majority of attitudinal variables from the survey were measured on a Likert type 
scale of agreement with questions on a range of 1-5, 1 indicated a strong agreement with 
the question and 5 a strong disagreement. Because of the categorical nature of the 
resultant data, it was considered that median, rather than mean values would be of most 
use in describing preferences of the sample as a whole, though distribution graphs were 
also produced to visually check for interesting results.
The propositions that were strongly agreed with across the majority of the sample 
included:
• Water should be conserved because it makes economic sense,
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• Water resources should be protected on environmental grounds,
• Careful use o f water is a socially responsible thing to do and,
• Do you feel that water recycling and re-use are acceptable measures to help 
reduce water demand answered in the affirmative.
These indicate that there is a strong feeling of the need to conserve water within the 
population, and that community members are interested in minimising environmental 
impacts through the over use of water. However, as has been shown already, the actual 
quantities that respondents are consuming are higher than national averages, particularly 
in the Summer, which perhaps suggests that either people are unwilling (or unable) to 
put their views into action, or they are simply unaware of their consumption levels and 
believe that they are already acting to conserve water. Whatever the reasons, this has 
serious implications for any demand strategy that might be applied to this specific 
population. In particular, this highlights the difficulty with making assumptions about 
the results of implementing demand management schemes without prior knowledge of 
likely user reaction, as Foxon et al (2000) have done with their systems approach study. 
Their model makes assumptions based on no evidence from users, such as a scenario 
with 90% penetration of greywater recycling that in reality would be most likely be 
difficult to implement due to high costs (the source of which are not explained in their 
study) and low acceptability (indicated by the Environment Agency (1998a) in their 
study and the results of this study).
The propositions that tended to be disagreed with the most were:
• People have the right to use as much water as they want and,
• Assuming stepped charging rates were introduced, should the threshold volume 
at which the charge rate increases fo r  the property be set according to an 
average volume based on the local per capita consumption rate answered in the 
negative.
These results also seem to indicate conservation-mindedness. It may be that individuals 
in this particular community feel that the volumes of water they use represent a 
reasonable quantity to satisfy basic needs without being excessive because they are 
unaware of the real minimum quantities that they could cope with. If this is the case, it 
could possibly have been instilled by having minimal disruptions to supplies, and by 
living within close proximity to the River Thames (which flows through the village)
Page 99
Decision-support for Sustainable Water Supply Management
EngD Portfolio Jason Collins-Webb
giving the unconscious message that local water supplies are plentiful, and therefore 
significant individual effort in conservation is unnecessary.
The proposition that refers to a stepped charging tariff, to which the first part of the 
question asks whether the respondent would prefer the threshold volume to be based on 
household occupancy alone rather than a local average per capita consumption figure, is 
an attempt to ask respondents to think about how a financial incentive could be 
implemented either from an individual or a community basis. Although a hypothetical 
question, this was designed in combination with question 12VI (see Appendix 1) to 
gauge peoples’ reactions to a stepped (or block) tariff scheme, and it appears that most 
respondents would be prepared to accept such a system based on occupancy and a fixed 
threshold volume, though there is a little feeling of uncertainty as characterised by a 
median for question 12VI of 2 instead of 1.
That most people in the sample preferred the first option indicates that they would 
rather not have their tariffs affected by other people in their neighbourhood, even 
though it might mean the water company setting an arbitrary per capita threshold that 
could be higher than the local one. This implies that blanket approaches to demand 
management might not be well received, and that people prefer individual treatment 
when it comes to aspects that could affect them financially.
Question 11IC asks whether the respondent agrees that reducing water consumption is 
good because it will reduce my water bill. The results show a general trend of 
uncertainty on this, even though the majority of people are unmetered and thus would 
not gain anything financially by being prudent with water use. This shows that either 
people are confused as to the incentives for water conservation, or that their motives for 
conserving water might not be solely financially driven although it is likely to be a 
factor (otherwise the trend would have been nearer to disagreement).
Question 1 HI asked who had the most responsibility to save water, the customer or the 
water company. The trend shows a central tendency indicating that either respondents 
didn’t know, or that more likely, the balance of responsibility was seen as equal. The 
second hypothesis fits in more with evidence from the focus groups (Section 3.2) which
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shows that residents still see water as a national asset, even though it is managed by 
private companies, and therefore everybody has an equal responsibility towards 
maintaining an abundant water supply.
The variable 12V showed an interesting result. The question asked, “7c? help control 
water demand, would you be prepared to pay more fo r  using water fo r  non-essential 
uses such as garden watering or a power shower fo r  example?”. The trend shows a 
central tendency, that does not agree with the trend of affirmed acceptance of block 
tariffs, which effectively equate to this question topic (although it relates to specific 
uses of water). This possibly reflects disagreement amongst respondents as to whether 
there should be disincentives for specific uses or whether general high usage should be 
’penalised’, or perhaps an misunderstanding of how block tariffs work. Looking at the 
distribution of answers shows that the majority of responses lie between 2 and 5 on the 
scale, so there is a significant minority in disagreement with the proposal, whilst the 
majority appear undecided or indifferent.
On the whole, respondents considered the water supply to be more valuable than the 
electricity supply as indicated by variable WATVAL, which intuitively is to be 
expected, being a life and health preserving service. The fact that the average electricity 
bill was £400 per annum compared with £260 per annum for water suggested that water 
is considered to be relatively cheap. It may be that customers in this community would 
be prepared to pay more for water as it appears to be highly valued.
Looking at the median values of the variables 11 IF (Water should be treated like any 
other utility such as gas or electricity and paid fo r  according to the amount used) and 
111G (Public water consumption is increasing at an unsustainable rate) alone showed 
general but weakly positive trends, but an examination of the distributions highlights 
greater detail. In concurrence with other similar variables, the respondents felt that 
water should be treated as another utility and therefore be paid for on a measured basis 
perhaps at a tariff level more in line with gas and electricity. However, the spread of 
values for 11IG follows a normal distribution and hence shows that in fact a trend of 
uncertainty exists. This can be interpreted to mean that either there is confusion or 
apathy over the issue. Either way, there is a message that any publicity and education
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on this point is possibly ineffectual. In terms of improving the environmental message 
for water conservation and efficiency, reinforcing the link between water use and 
sustainability could be a critical factor in galvanising individuals into voluntarily taking 
appropriate measures within their own homes.
3.1.2.5 Actions
Question 13 focused on specific actions that respondents were prepared to take if there 
was a requirement to save water. The results showed that most people felt they could 
do simple things like finding and fixing leaks (83%) and installing rainwater butts in 
their gardens (85%). Many were prepared to use waste washing water to irrigate their 
gardens if they currently used clean water to water their gardens (54%). Much fewer 
were prepared to encourage friends and neighbours to use less water (28%), and in fact 
8% said they would complain to the water company or newspaper or MP about not 
being able to use as much water as they wanted. 18% said they would be prepared to fit 
low volume water fixtures in their homes out of their own pockets, but 72% said they 
would fit them if they received an assistance grant from the water company. The 
influence of seeing these two questions on the same page, or indeed, in the same 
questionnaire, is uncertain.
38% were prepared to reduce their use of garden hosepipe and sprinklers, and 40% were 
prepared to have fewer baths in favour of showers. Further, just under 70% of 
respondents said they would be prepared to fit low-flush toilets if they were required 
(forced) to reduce consumption, and 31% said they would fit non-power showers 
(though the number of residencies with power showers currently fitted is unknown). A 
higher figure said they would install high efficiency/ low-water-using dishwashers or 
washing machines (49%).
3.1.2.6 Handling uncertainty
In order to develop a more predictive assessment of the survey results, a novel 
application was used of a method developed by Shortliffe and Buchanan (1984) as part 
of the MYCIN system (see Section 2.4) to handle the combinatory accumulation of
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weightings or certainty factors (CFs) associated with heuristics. In this instance, the 
certainty factor chain rule was used to connect possibly related variables (based on 
correlation analysis) on a key question in order to improve the certainty of the aggregate 
value of that variable. A full explanation is given in Appendix 4 section 2. In essence 
the CF method allows for the interpretation and combination of values given by experts 
to be non-absolute measures of belief. The application in this non-conventional way 
treats the output of a correlation of attitudinal data as measures of belief for the entire 
sample, and then combines them in order to attempt to link them. The issue here is one 
of causality. Whilst the method can be applied successfully, there is the potential to link 
variables as if they are causally connected, whereas there may simply be a coincidental 
correlation. This is where interpretation is important, and why analysis should be 
conducted in conjunction with domain knowledge rather than taken at face value. 
Because it was difficult to judge whether the application of this method in the context of 
a survey was appropriate, it was decided not to pursue the research in this direction. 
Further study and understanding of the underlying mathematics is needed before the 
approach can be deemed useful or otherwise.
3.1.3 A note on ICT and surveys
An attempt was made at developing an online (web based) questionnaire in order to 
obtain similar types of information as that elicited through the postal survey. The 
system developed made use of interactive forms and server scripting in order to control 
user input, store the resulting data and email a notification of a questionnaire 
completion, and the system made use of the University of Surrey’s web server. The 
design was simpler than that used for the postal survey, but the principle allows for a 
good degree in flexibility with regard to level of detail required. In the event, the online 
questionnaire did not generate much data (not enough to be statistically significant), but 
this was put down to lack of publicity and appropriate targeting of potential participants 
-  a task which certain companies specialise in and can be costly if required on a regular 
basis.
Online surveys are widespread and frequently used for market research purposes, but 
their use for collection of societal and environmental information appears to be limited.
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One significant drawback of online surveys that are publicly accessible, is that the co­
ordinator has no control on the participant population, and therefore information could 
be spread over a vast geographical and demographic range. Also, such systems are 
susceptible to abuse by casual ‘web surfers’ who have no interest in the subject but may 
‘experiment’ with submitting erroneous data. Whilst this is also possible with postal 
surveys, the potentially large audience for Internet based surveys magnifies this issue.
Part of the website also included a terminology pilot -  a collection of online resources 
offering definitions and explanations of terms used within the water and environmental 
fields. This is of importance from the point of view of stakeholder interaction -  to 
empower users to engage on a basis of equitable exchange of knowledge, the language 
used must be as open and understandable as possible, and therefore a readily available 
source of explanatory material is essential. The Internet offers a uniquely diverse and 
rapidly available source of such information, which hints at the potential for ICT to 
provide an additional educational dimension to stakeholder dialogue, which would 
allow water companies to communicate more directly with customers with less need for 
imprecise ‘interpreted’ language.
These sorts of issues need resolving before the widespread use of ICT for data 
collection is commonplace. Currently, the estimate in Britain is that approximately 
39% of homes have access to the Internet (National Statistics, 2001), which means for 
water companies to explore this route for stakeholder engagement and surveys would 
require a separate support package for those who do not have ready Internet access. 
Further, the use of potentially expensive technologies and expertise (for example, for 
databases and security restrictions) would be required to control access or record data in 
a structured manner.
3.1.4 Conclusions
After analysing the survey results, the following points can be drawn:
• Large affluent households use the most water and are most likely to complain 
about their water bill and level of service.
• Water bills do not correlate with water use.
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• Just over half of the currently unmetered households would voluntarily accept 
metering (with an estimated saving of 6% for Goring as a whole), and metered 
customers have been shown to be more conscientious in water conservation 
efforts (Bramfit et al, 1997)
• 18% were willing to fit water saving devices without an incentive grant if 
pushed (mainly the larger, more affluent households), and 72% were willing to 
fit them with an assistance grant. If that 72% fitted low flush toilets, a saving of 
4% could be made during the summer.
• 72% thought that greywater recycling for garden uses and toilet flushing is 
acceptable. If all bathroom greywater was recycled for garden use during the 
summer amongst this 72%, a saving of 15% could be achieved with an 
associated loss of return flow of 13.5%. However, an Environment Agency 
study (1998a) showed that there were considerable reliability issues with 
greywater recycling equipment (plus high costs), which may put off many 
potential users in practice.
• Metered households (or those who would agree to be metered) tended to agree to 
stepped charging (56%) with the base volume related to household occupancy 
number rather than property value.
These results and those discussed in the preceding sections highlight the potential 
decision support information that this approach to data collection and analysis can yield. 
In demand management terms, this knowledge is valuable and can form a 
complementary tool alongside conventional and less conventional demand prediction 
methodologies (such as the approach suggested by Foxon et al, 2000), particularly for 
strategic decisions for DM schemes or projects where the outcomes of specific measures 
cannot be modelled mathematically or where there are uncertain relationships between 
user perceptions of demand management measures and their likely (re)actions. The set 
of design boundary questions (Table 3.1.1) has been addressed in Appendix 4.
Page 105
Decision-support for Sustainable Water Supply Management
EngD Portfolio Jason Collins-Webb
3.2 Focus Groups
3.2.1 Background
Several small focus group style interviews with residents were conducted to obtain 
more qualitative data on their attitudes and behaviour with regards to water use so that 
the tacit knowledge and attitudinal data could be elicited (and exchanged). Three small 
’focus groups’ were formed and interviewed consisting of a) four retired male residents 
who volunteered immediately following the postal survey (Group 1), b) six members of 
a branch of the Women’s Institute who were contacted six months later (Group 2), and 
c) a group of five HR Wallingford employees external to the Goring population who are 
Thames Valley residents with some knowledge of the water industry (Group 3). An 
interview was also carried out with a professional from Thames Water Pic with 
responsibilities in water demand management.
The aim was to embellish the information already collected through survey and to 
explore some of the themes raised by the questions further, and also to generate a 
dataset consisting of qualitative information in order to explore analysis and knowledge 
capture techniques. Initially, it was decided that ‘focus groups’ might provide an 
interesting way of collecting multiple user input at sufficient detail on which to base 
analysis, but it soon became apparent that to run full size focus groups (10 to 16 people) 
would require the co-operation of more people than were likely to be interested in 
participating or could be organised with given resources, and that to mediate them 
effectively would require prior training, neither of which criteria could be met in this 
instance. As a compromise, smaller groups were organised, and the form in which they 
progressed was more along the lines of an informal interview or chat, though predefined 
questions were used to guide the discussion in the general direction of interest 
(Appendix 5 section 1). Nevertheless, the approach seemed to provide sufficient data, 
with the advantage that it was simple to keep track of the conversation when it came to 
transcription and subjective commentary.
A list of questions was developed from the previous survey questionnaire and used as a 
template for the interview, but ideas were explored in a relaxed, conversational style
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and additional themes that were brought out by discussion were allowed into the 
proceedings. The entire proceedings were recorded onto audio tape and later 
transcribed for analysis. Originally, four focus groups were set up, but the quality of 
one of them was too poor to be transcribed and had to be abandoned.
The amount of time and effort involved in the process of identifying participants, 
organising mutually convenient dates and locations for meetings and then transcribing 
the data was significant, hence the low number of groups used in the final analysis. 
However, there is an important point to make resulting from this. Although the data is 
valuable and potentially useful to water companies, there is a large investment 
requirement in terms of human resources and time. To cover an area the size of 
London, for example, would require a large team of researchers and in all likelihood, at 
least six months to a year of intensive research to collect sufficient data to be able to 
draw any useful conclusions.
There are some interesting results that can be drawn from the subjective reading 
assessment of the transcripts, and which provide interesting comparison with the results 
from the postal survey. It is recognised that focus groups, especially small ones as used 
in this study cannot be used to gauge majority opinions or trends, but they can still 
highlight interesting facets of the community under examination. At least some 
members of each of the groups found that there were more issues surrounding the use 
and supply of water than they had realised prior to the meetings. This highlights the 
effectiveness of this style of dialogue in raising awareness and even educating users.
Users as stakeholders can often become neglected in an inclusive capacity, and as part 
of a service industry, it must be tempting for water companies to see users solely as 
segregated, end-of-the-line consumers rather than a group that form an integral and 
manageable component of the system which can feed back valid and important 
information in addition to demand data. Engaging with users at this level can help 
engineers identify and use the less tangible elements to the demand-side of the water 
supply system and for consumers to better understand the complexity of running and 
planning of such a system. Once these steps have begun to be taken, it is speculated 
that the real benefits will reveal themselves in terms of data exchange, changed attitudes
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and behaviour and ultimately clearer planning strategies. The data is only of limited use 
by itself, though, and it is not until it can be assimilated into standard business and 
engineering decision-making processes that it is possible to see the main use of the 
approach.
3.2.2 Demographics
Group 1 consisted of four male interviewees, all retired (also all over 50 in age), all 
house owners (with 4 or more bedrooms) and all residents in Goring. The modal 
income band was £15,000-25,000 per annum, the modal property value band was 
£180,000-300,000.
Group 2 consisted of six female members of a branch of the Women’s Institute, four of 
whom were retired (also over 50 in age) and two were in part-time employment (one 
over 50 and one in the 30-50 age range). Five were house owners (4 bedrooms) and one 
rented (2 bedrooms). All were residents of Goring and surrounding hamlets. Modal
I
income band was £15,000 -  25,000 per annum, and modal property value band was 
£180,000-300,000.
Group 3 consisted of 5 participants of mixed sex, who were residents in Oxfordshire, 
but none from Goring. All were house owners (average 3 bedrooms), and all in full 
time employment at HR Wallingford. Modal income band was £40,000 -  60,000, 
modal age range 30-50, and modal property value range £120,000 -  180,000.
3.2.3 Qualitative Examination
From an economic point of view, there were marked differences between the groups. 
Group 1 seemed mainly interested in the issues raised that had financial implications 
such as metering, tariff structures and the activities of the water company, whereas 
Group 2 were much more concerned with water quality and availability. Conversely, 
Group 1 tended to be less interested by water quality except when it came to hardness 
(the amount of dissolved calcium carbonate) and a taste of chlorine, on which both 
groups seemed to agree was a problem. Group 3 were more focused on the quality 
issue, although one or two members were aware of the financial workings of water 
companies and therefore felt less of a need to raise money issues in relation to water.
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When probed for a reaction to the prospect of a substantially increased bill, even to the 
point of doubling the current cost of water, all groups seemed to accept that water is 
valuable enough not to mind too much if this occurred. All groups also recognised the 
efficiencies generated by privatisation of the water utilities, but felt strongly that they 
should nevertheless have remained in public ownership. There was indication that this 
leads to a slight feeling of ambivalence towards the water companies when it comes to 
conservation measures, and it seemed that particularly with Group 3 and Group 1, only 
if the water company were seen to be ’doing their bit’ would they be happy to consider 
water saving measures.
On the issue of saving water, most people in all three groups seemed to be prepared to 
attempt conservation measures, and indeed some were already doing so. Some felt as 
though it was hard to do too much as there was a need to use a certain amount to stay 
healthy, and this was especially true amongst Group 2 who raised the point about larger 
families finding it difficult to reduce consumption. There was a sense from Group 1 in 
particular that the issue of conservation was not particularly connected to environmental 
protection, and that in fact reservoirs for instance can be assets to the countryside and 
natural landscape. There seemed to be a confidence in the water company in terms of 
managing its environmental impact well, and this trust may be related to the rural nature 
of the region in which the participants live, unexposed to severe environmental 
problems. There was no mention of the less visible environmental effects such as the 
energy used for pumping, treating and maintenance of the water system.
All groups felt strongly that more education was needed to raise awareness of issues 
related to water conservation and demand management, and particularly Group 1 and 
Group 2 felt that improved communication between water company and customer was a 
good thing. Despite this, they stressed that they did not appreciate large quantities of 
’paperwork’ in the form of publicity flyers arriving with their bills. Local initiatives 
were highlighted as a way of increasing trust and communication. The role of the 
regulators (in particular the Environment Agency) were not at all clear to the 
participants, except Group 3 who were made of participants used to directly dealing 
with the Environment Agency for instance.
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Group 1 seemed to believe that people were more likely to change their water using 
behaviour if the supply was restricted in some way, rather than by increasing the cost to 
the customer. This partially concurs with the survey results in that people seemed to 
accept the idea of increased bills. However, the idea of a restricted supply was less 
appealing to Group 2 who were concerned about health issues.
All groups seemed to indicate that there was a general feeling of social responsibility 
towards water use and that to be excessive in water consumption was unacceptable 
because of its potential impact on other users. This attitude may be a trait of the middle 
class nature of this particular area, and it would be interesting to examine this attitude 
amongst a wider range of social strata. All groups felt that technology had an important 
role to play in helping to increase efficiency, and that it was easier to implement 
technological solutions to issues such as water conservation that to alter behavioural 
patterns, but that a combination was ultimately needed for successful demand reduction.
3.2.4 Focus Group Summaries
3.2.4.1 Group 1
•  Primary concerns were about water supply from an economic point of view, both on 
a personal level and also regionally. The group felt it was right that everybody 
should be metered even if it meant an increase in the price -  all in the group were on 
metered supplies. There was a general feeling of value for money from the supplier. 
All members were financially secure and the reaction to the hypothetical prospect of 
a doubling of the price of water seemed passive. There was concern that legislative 
pressure might encourage water suppliers to shift the burden of extra expense in 
infrastructure development and maintenance (e.g. reducing mains leakage) onto the 
customer in the form of increased prices. Greywater recycling was seen as a good 
potential cost-saving exercise, but only for metered people and for those that 
regularly use water for garden irrigation.
• The group thought that privatisation of the water industry has led to improved 
efficiencies, but conversely felt that water supply should have remained in public 
ownership. There seemed to be a view that the market forces of water supply would
Page 110
Decision-support for Sustainable Water Suppiy Management
EngD Portfolio Jason Collins-Webb
automatically keep things in equilibrium. There was only one mention of ’fat cats’, a 
popular public issue.
• Another concern seemed to centre on ways of reducing water consumption in order 
to save money (and water) and in particular the use of water butts for garden 
irrigation, and the use of low flush toilets. When asked about the hypothetical 
prospect of double current water prices, concerns were raised about a minimum 
needed for health’s sake. They recognised that the community at large might feel 
indignant about price rises, and in particular because people rarely think about the 
processes that the water goes through before reaching the tap. The group felt that 
other people saw water as an essentially free resource and that charging for it and 
conserving it might be seen as unnecessary/ unjust. The group felt it was fair to only 
expect water suppliers to minimise leakage to a 10% level rather than stopping it 
altogether, but one comment was made that the marginal cost of abstraction varies 
geographically and this alters the cost of leakage reduction, so fixing targets 
nationally may be physically and politically difficult. Leakage on property was felt 
to be the responsibility of the property owner (legally this is the case), but that 
detection of leaks may not be simple, so help from the water supplier would be 
appreciated.
• The group was in favour of reservoirs, even to the extent of having one in their own 
‘back yard’. Comments were made about how attractive reservoirs can be and how 
they can be an asset to the countryside. What was not mentioned were the energy 
and material costs of constructing a reservoir, and the group seemed to focus on the 
end product rather than how reservoirs come into being.
• In terms of the environment, the general feeling was a lack of concern. The group 
had confidence in the institutional arrangements and that the law and pressure 
groups would keep water suppliers in check on environmental issues. The 
environment did not appear to be a priority for the group, and any concerns focused 
on countryside and wildlife rather than a wider appreciation of complex human 
impacts on the environment. There was a good awareness of the role of the 
regulator, but the group felt that the general public might not be so aware, and that if 
there were issues that people had with their water supply, either from a private 
perspective or in terms of general dissatisfaction with the way water is managed, 
most people might not know how to be heard, or who to turn to. There was a
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recognition that water supply is very connected to politics, and that the political 
systems can have a large impact on how water suppliers function. The group’s 
general knowledge of greywater recycling was limited. One comment was made 
about the potential of reducing natural recirculation in the groundwater through the 
use of greywater for garden irrigation, which is counter to the generally accepted 
notion that greywater recycling is a good thing.
• Regarding provision of information, the group generally felt that more could be 
done to inform the customers (the public) about regulators and their roles, and that 
in some areas (such as inner cities) it might be necessary to focus more closely on 
community needs than in others. The group highlighted local community initiatives 
such as the local information guide for Goring residents, and the Parish newsletter. 
The feeling was that anything that the water companies could do to improve 
communications with customers was a good thing, particularly with regard to 
helping the individual make savings.
• A point was raised that due to the increasing number of single parent households, 
each with its own set of water using appliances, this may account for a significant 
part of the domestic water market. The group concluded that water consumption 
was primarily to do with number of occupants, though in the case of single parents, 
the presence of young children can increase the water use rate considerably. The 
group felt that people were more likely to take water saving measures if the supply 
was restricted in some way (such as reduced supply in the summer) rather than by 
increasing the costs.
• There was a feeling that if necessary, it is down to the water user to do their bit to 
help save water rather than complain and argue over potential changes to the water 
supply system. A comment was made that this attitude would probably not occur in 
somewhere like SE London, though this is unsubstantiated. The group did feel that 
technology had a large role to play in helping to increase water use efficiency, 
coupled with a change in water use habits. The group felt that the Government 
could encourage manufacturers to produce more efficient water devices in much the 
same way as the Government imposes emission limits on cars in order to encourage 
car manufacturers to improve engine efficiency.
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3.2A.2 Group 2
•  A primary concern of the group was related to water quality, particularly in relation 
to chlorine affecting the taste, hardness causing scale in water heating appliances, 
and nitrates. As with group 1, a point was raised about the possibility of dual quality 
supplies.
• The group were generally satisfied with the level and quality of service from the 
water supplier and felt it was value for money, even to the extent that they felt the 
salaries of the bosses were within reason despite adverse media attention to the 
contrary. The participants did feel they had little say in how the water system was 
run and would have no control if charges were raised for instance. Many of the 
group left the financial side of water provision to their husbands, so were less aware 
of the bill levels and price issues. In particular, because the cost of water is 
currently low, there is not much consideration of its impact, and there was a certain 
amount of complacency towards water charges. The issue of leakage was raised, 
particularly from the point of view of householder’s property and how this is 
managed, but there was a strong feeling that the water company should address 
leakage as a priority.
• It was felt that the balance on provision of information needed to be right -  not to 
much, but clearer and more concise is better, although there was a general dislike of 
literature being sent with bills through the mail. They emphasised the importance of 
local networking and communication through ‘the grapevine’.
• All agreed that metering was a good thing, but that it should remain a choice rather 
than enforced, particularly for households with children. Many of the group seemed 
prepared to take practical measures to reduce consumption should prices increase, 
such as recycling bathwater. The group also seemed to believe that restricting the 
supply was acceptable if it was necessary, although it might lead to wastage as 
people hoard water in preparation.
• Much of the groups attitude was concerned with local issues, and how the questions 
pertained to their own situation, rather than viewing the wider implications to other 
communities. With regard to reservoirs, the groups felt that they were necessary, 
but because there wasn’t the need in their own community, it did not concern them.
• Awareness of environmental implications was generally low and restricted to local 
issues, particularly related to visual impacts (e.g. pumping stations). Concerns were
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raised about the continual maintenance of environmental provisions (such as 
vegetation screening) after the completion of projects, which pertains to . ongoing 
environmental commitments. There was low awareness of the role of the regulator 
to control aspects such as abstraction. However, the group did appear to be acutely 
aware of the potential for wastage in the domestic environment. There was a feeling 
that education could have a key role in improving peoples’ awareness of water 
related environmental issues and to foster changes in behaviour. The group also felt, 
though, that if people were determined not to change their behaviour, there is not a 
lot that can be done, and metering would not be sufficient to bring about change.
• Technology was seen as a potential method for using water more efficiently, but 
there were concerns over the cost of ‘green’ technology being higher than 
conventional technology, and consequently penalising low income households. 
There was a feeling that the Government should be doing more to address these 
areas. They felt however that more extreme technologies, such as in-home 
greywater recycling systems would not generally be accepted. Again, they believed 
technology would only work in conjunction with education.
• The group felt that the water company had a responsibility to help protect vulnerable 
members of society such as the elderly or people on their own in terms of the water 
supply.
• The members felt that the process of the interview had made them think more about 
their water supplies than they had previously, so found it useful and educating.
3.2.4.3 Group 3
• This group Was made up of representatives of a more diverse geographical 
household coverage, rather than from Goring. All members had their water supplied 
by Thames Water apart from one.
• Water hardness was raised as a particular issue of concern related to water quality, 
although this was the only quality issue raised. Three of the group had meters 
installed. Overall, most of the group were satisfied with the level of service the 
company offered, but one member had a bad experience in terms of dealing with a 
leak. Almost unanimously, the group believed they got value for money. The group 
felt that the provision of information by the water company was adequate.
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• In terms of attitudes to metering, there was a good awareness of the positive sides of 
metering in helping to reduce consumption, but issues were raised about inequity, 
both financially and socially, and that the current system o f voluntary metering and 
compulsory meters on new properties or those with extensions built after 1990 was 
viewed as unfair and inequitable. The point was raised that there is little general 
awareness of the impact of individual behaviour on the wider community or people 
even further afield. Also, it was suggested that paying for water on a per capita 
basis was fairer (i.e. based on household occupancy) as long as everyone was 
provided with a basic minimum for a negligible cost or free.
• The group felt that they could acceptably be charged more for water, as long as there 
were direct benefits and transparent investments made by the water company. The 
group estimated that they would be prepared to pay up to a similar level as for other 
services such as electricity and gas. There was a suggestion of a government tax 
being levied at the water companies, which was viewed with mixed feelings, but it 
was suggested that this could help improve efficiency through greater incentive to 
fix leaks as well as reduce consumption. Leakage was seen as an issue, but that it 
was being dealt with in a pragmatic way anyway.
• The change in living standards over the last few decades was highlighted as a reason 
for increased water consumption, and also a probable barrier to reducing demand 
since peoples’ expectations are higher. A comparison was made with Australia by 
one member where water consumption appears to be unchecked despite the hot 
climate. It was noted that the cost of water provision has not gone up in line with 
demand. Another point was that the water industry in the UK is not a truly 
competitive market despite privatisation. Attitudes amongst the older generation are 
different to younger people because they were brought up to appreciate the precious 
nature of water (particularly during the post war years) was a view amongst a 
number of people in the group. Another point was that privatisation has also 
disenfranchised a lot of people.
• There were strong indications that there should be more water recycling and less 
exploitation of new resources (e.g. reservoir building). This was backed up by 
comments that there should be much greater emphasis on environmental impacts in 
water supply systems and management. Environmental awareness in the group was 
good, but this is probably related to the fact that they all work for an environmental
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consultancy, and in fact this was noted in the group as was the likley lower 
awareness of the average lay person. There was a particular feeling that the 
individual could do more in helping to reduce the impacts of water use, but that 
there may be a problem due to disillusionment amongst the general public.
• The group strongly felt education had a significant role to play in improving the 
ways in which people view and use water, but that the balance at the moment has 
not been achieved. In particular, they felt that leaflets are ineffectual and media 
advertising too expensive, but they did feel that more could be done at school level. 
A comment was also made that education should be separate from publicity, and that 
any educative processes should be neutral and without ‘piety’ and not used for 
public relation purposes.
• The group were mixed on the subject of the privatisation of the UK water supply 
system. Particular arguments against it included lack of public ownership (and 
therefore interest), monopolistic management, and increased perception of ‘them and 
us’ between customers and water companies. This was seen as having a negative 
effect on demand management measures. The point was raised that is was necessary 
at the time due to economic constraints and that it has improved business efficiency. 
A management model as used in Scotland was raised as a better way of running 
things, by contracting out the running of water schemes to bidding companies.
• Technology was seen as a secondary part of a package to help reduce demand, but 
that primarily a shift in culture is needed, brought about by education. A tariff 
structure was viewed favourably which allows people to use water for basic needs at 
low cost and then levies higher charges for excessive use, although the group was 
wary of the use of tariff structures to try and spread demand over time (to reduce 
peaks). A comment was made about the need for any system to be fair. The group 
were against dual quality supplies. Greywater recycling was seen as an option, but 
as with dual quality systems, there were concerns over health and safety and liability 
issues.
3.2.5 Linguistic Analysis
The main analysis work for these focus groups was achieved by the use of linguistic
tools developed at the University of Surrey's Artificial Intelligence Research Group in
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the form of content analysis. The main difficulty with focus groups is that whilst they 
do provide an arena for free discussion around selected topics, there does not seem to be 
a systematic way of aggregating and assimilating the data as with highly structured 
surveys or one-to-one interviews for instance. Experts in focus group studies may well 
be able to gauge fairly accurately the issues and feelings raised during a session, but 
how they do this is difficult to ascertain as intuition seems to play a significant role. For 
the majority of people interested in running and using focus groups, it poses a more 
difficult task to extract useful results.
Every specialist domain has an associated language that is commonly used for 
communicating concepts and knowledge. The use of this specialist language is an 
indicator to the level of understanding of the subject depending on the nature of the 
source of the language. Thus we can examine individual cases of the use of language 
referenced to a domain, and make a comparison with a general corpus of specialist 
language in the same domain to form an idea of the state of the knowledge of the 
originator(s).
Applied to focus group or interview transcripts, the approach allows us to gauge the 
level of comprehension, and probably more importantly, the difference in priorities of 
concern or interest between the interviewees and the specialists in the field. To do this, 
we utilise the principle that the frequency of occurrence of specific terms within a text 
(or transcript) indicate its relative importance to the subject and to the originator. By 
analysing a corpus of specialist domain texts in this way, we can build a map of the 
typical terminology associated with the domain, and use this as a standard against which 
other texts can be measured.
In order to perform the type of analysis alluded to, it is necessary to ‘number crunch’ 
large bodies of text to generate frequency tables. Fortunately, there are means to do this 
thanks to computer based solutions. One such solution is a software based linguistic 
‘workbench’ called System Quirk developed at the University of Surrey’s Artificial 
Intelligence Research Group. Not only does the workbench examine word frequencies, 
it can be used to search for occurrences of specific words and phrases, and highlight the 
contexts in which they occur. Other functions include examination of online (web) sites
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that contain regularly updated information such as news pages (Tracker), a tool to build 
and organise a virtual corpus of the domain texts to be analysed (Virtual Corpus), a tool 
for examining collocation, the association between particular words (ColloQator), a tool 
for automatically extracting possible domain terms (Ferret), and a tool for flexibly 
analysing word frequencies (Kontext). Screen shots of the software user interface are 
shown in Figure 3.2.1.
The tools makes use of sophisticated search and pattern matching algorithms to generate 
reports based on user specified criteria. Examples include word indices indicating 
location and frequency of word matches, plain word lists ordered by frequency, and 
‘weirdness’ where the text is compared to the British National Corpus via word 
frequencies and a measure of relative occurrence is given for each word. It provides an 
objective, repeatable measure that can be used to assist breaking down qualitative 
information for a variety of functions such as sorting, indexing, classifying and so on.
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Using System Quirk enabled investigation of the potential relationships between the 
focus group style interviews conducted with sociometric data collected during the postal 
survey. From some relatively simple frequency and weirdness tests (the ratio of the 
frequency of a term occurring in a specialist domain corpus to that in general language), 
we can cross-compare and summarise the similarities and differences between datasets 
and relate these to standard references in language analysis. This helps to contextualise 
the data and form a basis from which to progress. Presented here are some findings that 
go some way to help relate these two data types, qualitative speech derived text and 
quantitative survey derived data, and thus provide a way forward in developing deeper 
understanding of water consumers needs and attitudes.
The data collected during this research consists of transcribed spoken word speech (see 
Appendix 3), which is characteristically different from written text and provides a 
source of material that can give clues to attitudes much more readily than a composed 
written answer to a question, since the latter approach fails to capture direct verbalised 
thought. We can look for elements within the text that are unique to spoken work, and 
filter for those which may be found in any text form to compare with the specialist 
corpus, for instance, in order to classify the nature of the text.
A corpus of text relating to the water supply and resources management field were 
collected from a number of sources, many international, though all in English (UK and 
US). The total corpus comprised of 40 texts, with a total of 1,198,334 tokens or words 
(a vocabulary of 35,627 unique terms). As with any corpus, a certain proportion of the 
most frequent used terms are closed class words (CCWs) i.e. terms that do not change 
with time or specialist domain and are found within core general language (normally 
single syllable words that form grammatical structures within sentences).
The terms that distinguish a specialist corpus are called Open Class Words (OCWs), 
and can be used to characterise the changes in terminology over time, and identify key 
language used at any moment in time that exemplify the use of specialist domain 
language. They are regarded as lexical items as opposed to grammatical functions. A 
more in-depth discussion of linguistic characterisation of corpora can be found in
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Ahmad (2000), but in essence, specialist texts contain frequently used nouns which 
form the ‘footprint’ of the specialist domain.
The British National Corpus (BNC) has been analysed in this way, and within the first 
100 most frequent tokens (comprising 45% of the total vocabulary), only two OCWs 
exist. In the next 100, 29 appear and 47 in the following 100. In comparison with Table 
3.2.1, the first 300 most frequent words within the water management corpus, 41 OCWs 
occur within the first 100 terms which comprise just over 41% of the total vocabulary, 
69 in the next 100 and 81 in the next.
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Table 3.2.1. Frequency distribution of the first 300 most frequent words (in 
100 word blocks) in the Water Engineering corpus. Open Class words
(OCWs) are indicated in bold.
Token 1-100
Cumulative
Relative
Frequency
No. of 
OCWs
Visual
indicator
OCWs
of
the,of,and,to,in,water,a,for,is,be 23.34%
on,are,by,as,that,with,or,from,s,this 5.05%
at,project,will,it,an,http,management,have,which,use 2.91%
not,has,supply,resources,i.www,development,public,federal,can 2.26%
was, e, all, com, other, cost, may, sanitation, more, been 1.85%
new,system,environmental,also,projects,such,river,systems,no,mailto 1.54%
their,information,these,storage,c,one,quality,d,section,million 1.36%
state,you,model,contact,international,if,research.org,used,world 1.24%
would, local, b, its, but, costs, under, some, control, program 1.15%
were,source,than,there,national,any,wateronline,year,areas,should 1.08%
Token 101-200 41.78% 41
corps,news,m.html,us,they,act,flood,future,non 1.00%
uk.construction,well,about,data,level,government,available,we,based 0.96%
health,planning,f,through,years,economic,including,into,models,time 0.89%
r,I,per,only,over,present,u,when,private,up 0.83%
provide,two,p,people,flow,irrigation,protection,activities,analysis,where 0.78%
law,part,your,treatment,most,include,report,engineering,drought,study 0.75%
urban,during,area,natural,o,plan,who,problems,total,environment 0.71%
services,online,fax,investment,land,reservoir,out,service,states,each 0.67%
community,policy,many,authority,studies,developed,so,t,g,wastewater 0.65%
programs,between,bank,technology,drinking,work,countries,commission, 
within,must 0.62%
201-300 7.86% 69
those,sector,process,agencies,first,visit,using,demand,pollution,regional 0.61%
made, district, ac, facilities, agency, india.africa, do, design, maintenance 0.58%
low,being,required,eur,south,conference,resource,conditions,could, 
programme 0.55%
mail,both,support,case,industrial,basin,related,because,provided,three 0.54%
conservation,following,waste,however,university.nl,general,what, 
technical,industry 0.53%
n,type,existing,works,engineers,need,groundwater,measures,surface,
number 0.51%
percent,user,provides,operation,long,power,how,interest,benefits,ire 0.50%
rights,date,very,population,j,developing,army,agreement,message,major 0.49%
agricultural,specific,small,implementation,had,products,high,united, 
problem,appropriate 0.48%
product,centre,contract,department,training,city,shall,annual,read,users 0.46%
5.25% 81
The OCWs that typically appear amongst the most frequent terms in the specialist 
corpus are often carrier terms, i.e. terms that convey generalised ideas, headings and 
base words for compound terms. Amongst these OCWs are nouns that one might 
expect in such a domain dominated by engineering and technical language such as 
water, project, management, supply, resources, cost and system to name a few. 
Now, examining the first 200 most frequent terms for the collected transcripts 
(including an interview with a Thames Water official) in Table 3.2.2, there are some
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very noticeable differences. Firstly, the cumulative percentage for the first two hundred 
terms accounts for around 70% of the total vocabulary of the transcripts, and the 
number of OCWs contained within these tokens is much lower than for the corpus. 
This indicates that speech is much more dependant on CCWs than written text. 
Intuitively, this is to be expected, as verbal communication rarely occurs as an isolated 
stream of words, but includes intonation, body language and facial expression, so 
occurrences of the same token in different speech contexts (even CCWs) can have 
different meanings or emphases.
Examining the OCWs, we see that terms associated with the technical nature of water 
supply management do not appear within the first 100, but more esoteric carrier terms 
do, indicating the transmission of thoughts, ideas and actions on a fairly basic level 
(think, use, know, going, say, mean, actually). Also of interest is the high occurrence 
of terms relating to financial & economic (pay, meter, money), and social aspects 
(people, customers, companies), which immediately indicates focus in these specific 
areas. The second hundred words move into more detailed and specific terms that 
expand on the key issues to do with systems, service, economics and personal 
household activities.
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Table 3.2.2. Frequency distribution of the first 200 most frequent words (in 
100 word blocks) in the total collected transcript text data. Open Class 
words (OCWs) are indicated in bold.
Token 1-100
Cumulative
Relative
Frequency
No. of 
OCWs
Visual 
indicator 
of OCWs
the.to.it, that, a,i,you,and,of,water 24.45% 1 ■
we,in,they,is,think,have,do,so,for,be 10.55% 1 ■
there,on,but,are,if,with,would,what,re,was 6.57% 0
about,all,as,or,people,don,well,not,m ore,because 4.70% 1 ■
can ,yes,a t,use,ve,know,this,how,up,from 3.58% 2 ■■
Should,no,one,get,then,an,them ,got,their,going 2.79% 1 ■
had,our,very,when,out,your,say,like,just,were 2.44% 2 ■■
lot,much,my,which,customers,pay,w here,meter,go,d 1.89% 4 ■■■■
has,could,by,back,som e,other,us,something,mean,than 1.59% 2 ■■
actually,way,who,money,information,thames,companies,been ,used,put 1.41% 6
Token 101-200 Totals: 59.97% 20
now,will,time,want,any,really,come,terms,problem,good 1.29% 3 ■■■
demand,supply,service,new,company,thing,down,system,doing,using 1.19% 6
Years,things,only,right,also,into,house,w hether,see,m ake 1.08% 2 ■■
quite,environment,why,paying,m om ent,less,need,perhaps,garden,through 0.96% 3 ■■■
long,quality,sam e ,cost,did,try,obviously,metered,customer,saying 0.89% 4 ■■■■
government,take,washing,big,sort,being,said,research,difficult,before 0.83% 3 ■■■
probably,wouldn,meters,aw are,bill,done,ago,m e,tap,two 0.81% 3 ■■■
enough,haven,leakage,these,different,metering,still,save,environmental,public 0.77% 3 ■■■
isn,feel,work,didn,comes,value,suppose,question,off,look 0.71% 1 ■
electricity,level,does,first,II,even,year,too,always,better 0.67% 2 ■■
Totals: 9.2% 30
Examining Table 3.2.3 which is a frequency table for the first 200 words of just the 
focus group transcripts, a similar pattern emerges; around 70% of the vocabulary is 
contained within these terms and the quantity of OCWs is limited to 47. However, 
missing terms in corresponding 100 word blocks like customers, information, and use 
show the difference in language of the water company and the end users -  the latter do 
not refer to themselves as customers on a regular basis, they perhaps place a low 
emphasis on information, and they focus less on ‘using’ water. This difference can be 
exemplified further by examining Table 3.2.4 which shows the first 200 most frequent 
terms for the interview transcript for the Thames Water official (Appendix 5).
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Table 3.2.3. Frequency distribution of the first 200 most frequent words (in 
100 word blocks) in the collected transcript text data for focus groups 
only. Open Class words (OCWs) are indicated in bold.
Token 1-100
Cumulative
Relative
Frequency
No. of 
OCWs
Visual
indicator of 
OCWs
the,to,it,i,a,you,and,that,water,of 24.82% 1
in,they,we,think,is,have,do,be,but,for 10.46% 1
so,there,are,on,if,was,with,would,all,about 6.49% 0
people,as,don,well,or,what,not,yes,more,because 4.83% 1
can,re.ve,know,this,should,at,up,get,one 3.55% 1
had,got,from,out,no.your,when,how,going,an 2.82% 1
use,my,very,then,their, were,just,lot,them,like 2.34% 2 ■■
say,pay,d,much,which,meter,where,has,could,who 1.90% 2 ■■
money,than,some,go,way,by,other,now,our,problem 1.64% 2 ■■
good,put,companies,us,time,been,something,really,come,used 1.44% 3 ■■■
Token 101-200 Totals: 60.29% 14
down,service,want,back,supply,system,only,any,thing,paying 1.30% 4 ■■■■
years,quite,will,see,company,right,house,thames,quality,government 1.14% 6
new,perhaps,same,saying,mean,using,less,why,did,actually 1.01% 1
whether, washing, me, tap, ago, before, probably, cost, big, isn 0.94% 3 ■■■
two,haven,things,suppose,through,electricity,value,information,into,these 0.88% 3 ■■■
need,still,even,doing,make,said,didn,environment,garden,always 0.84% 2 ■■
take,try,meters,also,demand,being,comes,enough,public,different 0.79% 3 ■■■
day,bill,country,too,work,wouldn,save,long,off,metered 0.73% 3 ■■■
done,does,environmental,certain,difficult,first,feel,home,year,children 0.67% 4 ■■■■
road,goes,gas,issue,leakage,though,area,II,wasn,he 0.63% 4 ■■■■
Totals: 8.93% 33
Here, in Table 3.2.4, we can clearly see a different type of language emerging, although 
still noticeably different from the specialist corpus analysis. It exhibits the 
characteristics of spoken language (frequent use of pronouns like I, they, we, our as 
well as standard grammatical CCWs) and high proportion of vocabulary within the 
highest frequency terms, but also contains a higher content of OCWs than with the 
focus group transcripts, which are a mix of carrier terms relating to social, economic 
and technical (some environmental) terminology.
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Table 3.2.4. Frequency distribution of the first 200 most frequent words (in 
100 word blocks) in the collected transcript text data for interview with 
Thames Water official only. Open Class words (OCWs) are indicated in
bold.
Token 1-100
Cumulative
Relative
Frequency
No. of 
OCWs
Visual 
indicator 
of OCWs
the,that,of,to,we,a,you,water,and,in 24.73% 1 ■
it,they,is,re,so,on,i,there,for,use 10.92% 1 ■
are,with,what,customers,do,be,have,at,if,our 7.17% 1 ■
can,would,as,them,about,but,then,think,how,or 4.61% 1 ■
more,terms,because,their,not,all,ve,know,mean,an 3.76% 0
say,information,no,actually,yes,from,very,like,demand,people 3.16% 4 ■■■■
back,metering.don,research,moment,thames,well,just,going,much 2.50% 3 ■■■
obviously,which,doing,urn,one,something,also,sort,up,customer 2.12% 1 ■
looking,option,was,things,us,where,part,basis,will,household 1.94% 3 ■■■
when,actively,go,particular,into,make,new,saving,environment,long 1.76% 4 ■■■■
Token 101-200 Totals: 62.67% 19
were,using,by,question,measured,get,aware,within,term,talking 1.56% 6
unmeasured,pause,your,company,got,lot,other,technology,meter,metered 1.45% 6
difficult,want,some,whether,greywater,used,number,leakage,main,level 1.33% 4 ■■■■
has, garden, need, any, look, er, potential, associated,try,wouidn 1.23% 3 ■■■
could,done,control,toilet.devices,been,pay,available,supply,this 1.12% 5
why,companies,through,expensive,households,bill,tariff,correct,time,take 1.03% 7
thing,out,feel,once,yeah,environmental,resources,high,being,economic 0.96% 4 ■■■■
those,person,house,right.than,II,enough.service,study,promote 0.90% 5 ■■■■■
different,policy,change,both,economics.strategy.low,sure,over,save 0.86% 4 ■■■■
provide,certainly,currently, years,tariffs,management,come,effects,said, 
instance 0.82% 8
Totals: 11.26% 52
Having identified the main differences in character between the transcripts and the 
specialist corpus, and some of those between the transcripts themselves, it is possible to 
delve deeper into comparative analysis between individual group transcripts, and extract 
useful knowledge about them. If we examine Table 3.2.5 to 3.2.8, which contain the 
‘weird’ terms, that is, with Specialist Language: General Language frequency ratios 
greater than 100, certain patterns become visible.
Firstly, because of the nature of the interview and topics of discussion, we see that there 
is use of geographical names to situate the conversation, though interestingly, the male 
contingent from Goring use twice as many references in this sample as the group of 
women from the WI group and many of them not local. We might infer from this that 
the women residents of Goring are more locally focused and perhaps more interested in 
community affairs, whereas male residents are perhaps more interested in both local and 
global affairs perhaps due to a possible greater interest in current affairs. This may have 
implications in developing community based action plans for instance. Secondly, the
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WI group tends to use language that is more general (or less technical) than the others 
and this is demonstrated by fewer ’weird’ words appearing with high Specialist 
Language/ General Language ratios and lower frequencies of words in common (Table 
3.2.8).
Table 3.2.5. A terms in the transcript from Group 1 with a SL/GL ratio
greater than 100
G r o u p l
R el Freq M atch S L /G L  R a tio R el Freq M atch S L /G L  R atio
0 .0 0 0 4 5 4 Softener inf! 0 .00 0 1 1 4 readout 386 .4 5 9 7
0.000341 Chlorinated inf! 0 .000341 Ea 289 .8 4 4 8
0 .00022 7 A b in g d o n inf! 0 .00 0 1 1 4 cupful 289 .8 4 4 8
0 .0 0 0 2 2 7 B rac kn ell inf! 0 .00011 4 groundwater 289 .8 4 4 8
0 .0 0 0 1 1 4 30s inf! 0 .001477 th am es 2 84 .376
0 .0 0 0 1 1 4 50s inf! 0 .00056 8 plumbing 276 .0 4 2 6
0 .0 0 0 1 1 4 60s inf! 0 .00 1 0 2 3 mains 2 6 7 .5 4 9
0 .00 0 1 1 4 Abstracting inf! 0 .00011 4 am enity 2 3 1 .8 7 5 8
0 .0 0 0 1 1 4 Composting inf! 0 .00011 4 ba n g la d e s h 231 .8 7 5 8
0 .0 0 0 1 1 4 Damping inf! 0 .00011 4 hippos 231 .8 7 5 8
0 .0 0 0 1 1 4 Descaler inf! 0 .00181 8 flush 226 .2 2 0 3
0 .0 0 0 1 1 4 Fattier inf! 0 .00113 6 meters 218 .7 5 0 8
0 .00 0 1 1 4 Greywater inf! 0 .00068 2 showers 210 .7 9 6 2
0 .0 0 0 1 1 4 Hrs inf! 0 .00022 7 directories 210 .7 9 6 2
0 .0 0 0 1 1 4 Hypothecated inf! 0 .00022 7 farmland 2 1 0 .7 9 6 2
0 .0 0 0 1 1 4 L ad yb o w er inf! 0 .00 0 4 5 4 wasteful 193 .2299
0 .0 0 0 1 1 4 Limescale inf! 0 .00022 7 appliances 193 .2299
0 .0 0 0 1 1 4 Macerators inf! 0 .00 0 1 1 4 changeable 193 .229 9
0 .00 0 1 1 4 Pitchforks inf! 0 .00011 4 co m p to n 193 .229 9
0 .00 0 1 1 4 Rateable inf! 0 .00011 4 electronically 193 .229 9
0 .00 0 1 1 4 Recirculate inf! 0 .00011 4 loos 193 .2299
0 .00 0 1 1 4 Softeners inf! 0 .00011 4 n iag ara 193 .2299
0 .0 0 0 1 1 4 T h e tfo rd inf! 0 .00 0 1 1 4 selfishly 193 .229 9
0 .0 0 0 1 1 4 W an tag e inf! 0 .00 0 1 1 4 spouting 193 .2299
0 .00 0 5 6 8 M etered 579 6 .89 55 0 .00045 4 install 171 .7599
0 .00 0 5 6 8 Sewerage 2 89 8 .44 78 0 .00102 3 abstraction 171 .0559
0 .00022 7 W a llin g fo rd 2 31 8 .75 82 0 .0 0 0 1 1 4 alright 165 .6 2 5 6
0 .00 0 5 6 8 G oring 1932 .2985 0 .00 0 1 1 4 obstructive 1 65 .625 6
0 .00 0 7 9 5 Regulators 1623.1308 0 .00045 4 Loo 159 .9 1 4 4
0 .00 0 2 2 7 Chlorination 1159.3791 0 .00 0 6 8 2 leaks 154 .583 9
0 .00 0 2 2 7 Metering 1159.3791 0 .00022 7 septic 154 .583 9
0 .00 0 1 1 4 Subsidising 1159.3791 0 .00022 7 billed 144 .922 4
0 .00 0 1 1 4 Weirdo 1159.3791 0 .00 0 1 1 4 hippo 144 .9 2 2 4
0 .00090 9 Reservoirs 713.4641 0 .00 0 4 5 4 flushing 1 40 .530 8
0 .00 0 4 5 4 Cistern 662 .5023 0 .00045 4 nationalised 132 .500 5
0 .00 2 6 1 3 meter* 634.8981 0 .00011 4 an g iian 1 28 .819 9
0 .00022 7 Clogging 579 .689 6 0 .00 0 1 1 4 contam inate 128 .819 9
0 .00 0 1 1 4 Bathwater 579 .689 6 0 .0 0 0 1 1 4 onus 128 .819 9
0 .00011 4 H e in e ken 579 .689 6 0 .00 0 1 1 4 ru tlan d 128 .819 9
0 .00 0 1 1 4 Notifying 579 .6896 0 .00 0 1 1 4 stoke 128 .819 9
0 .00 0 6 8 2 Leakage 4 6 3 .751 6 0 .00022 7 toilets 122 .039 9
0 .00 0 2 2 7 Advert 463 .751 6 0 .00011 4 debit 115 .937 9
0 .00 0 2 2 7 Borehole 4 63 .751 6 0 .00 0 1 1 4 marina 115 .937 9
0.000341 Regulator 386 .459 7 0 .00 0 1 1 4 seeps 115 .937 9
0 .00011 4 Basements 3 86 .459 7 0 .00 0 1 1 4 subset 115 .937 9
0 .00011 4 Blurb 386 .459 7 0 .00 0 2 2 7 pang 110.4171
0 .0 0 0 1 1 4 Bre 386 .4597 0.000341 complains 108 .6 9 1 8
0 .00 0 1 1 4 Cisterns 386 .459 7 0 .00 0 1 1 4 electro 105.3981
0 .00 0 1 1 4 Dept 386 .459 7 0 .0 0 0 1 1 4 gadgets 105 .3981
0 .00 0 1 1 4 environmentally 386 .4597 0 .00090 9 customer 1 04 .213 9
0 .00 0 1 1 4 hydraulics 386 .459 7 0.000341 leakages 102 .2 9 8 2
0 .00 0 1 1 4 inputting 386 .459 7 0 .00090 9 pipes 101 .9 2 3 4
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Table 3.2.6. A terms in the transcript from Group 2 with a SL/GL ratio
greater than 100
G ro u p  2
Rel Freq M atch S L /G L  R a tio R el Freq M atc h S L /G L  R a tio
0 .0 0 0 4 4 4 rateable inf! 7 .39E -05 draconian 369 .0 1 4 2
0 .00 0 2 9 6 composter inf! 7 .3 9 E -0 5 payers 369 .0 1 4 2
0 .00 0 2 2 2 g a te h a m p to n inf! 7 .3 9 E -0 5 m eterinq 369 .0 1 4 2
0 .00 0 2 2 2 bumf inf! 7 .3 9 E -0 5 standpipe 36 9 .0 1 4 2
0 .00 0 2 2 2 artesian inf! 7 .39E -05 siphoned 369 .0 1 4 2
0 .00 0 2 2 2 chloriney inf! 0 .00147 8 meter 351 .4421
0 .00 0 1 4 8 hosepipe inf! 0 .00 0 1 4 8 borehole 2 9 5 .211 3
0 .00 0 1 4 8 fa rm o re inf! 0 .00 0 2 2 2 hedqinq 2 76 .760 6
0 .00014 8 unm etered inf! 0 .00037 leakaqe 2 46 .009 5
0 .00014 8 countrywide inf! 0 .00029 6 appliances 2 46 .009 5
0 .00014 8 so d c inf! 0 .00 0 1 4 8 sprinklers 2 46 .009 5
0 .00 0 1 4 8 d id c o t inf! 0 .00014 8 rebate 2 46 .0 0 9 5
7 .39E -05 v as e lin e inf! 7 .39E -05 purifyinq 2 4 6 .009 5
7 .39E -05 gunged inf! 7 .3 9 E -0 5 coastlines 246 .009 5
7 .3 9 E -0 5 ballcock inf! 7 .3 9 E -0 5 replantinq 246 .009 5
7 .3 9 E -0 5 caravanning inf! 7 .39E -05 cisterns 246 .009 5
7 .39E -05 hordinqs inf! 7 .39E -05 overuse 246 .009 5
7 .3 9 E -0 5 bowser inf! 0 .00 0 2 9 6 reservoirs 227 .085 7
7 .3 9 E -0 5 instated inf! 0 .00118 3 th a m e s 222.801
7 .39E -05 k ie ld er inf! 0.000961 leaks 213 .208 2
7 .39E -05 booboo inf! 0 .00014 8 appliance 184.5071
7 .3 9 E -0 5 autumns inf! 7 .3 9 E -0 5 dribbles 184.5071
7 .39E -05 dolled inf! 7 .39E -05 groundwater 184.5071
7 .3 9 E -0 5 ahha inf! 7 .39E -05 shallower 184.5071
7.39  E -05 hydrologist inf! 7 .39E -05 lav 184.5071
7 .39E -05 stopcocks inf! 7 .39E -05 grapevine 184.5071
7 .3 9 E -0 5 gunge inf! 7 .39E -05 reiteratinq 184.5071
7 .3 9 E -0 5 bleachy inf! 0 .00 0 2 2 2 etcetera 158 .1489
7 .39E -05 defurred inf! 0 .00051 7 showers 156 .5515
0 .00073 9 m etered 738 0 .2 8 4 7 .3 9 E -0 5 dearer 147 .605 7
0 .00037 sprinkler 369 0 .14 2 7 .39E -05 am enity 147 .605 7
0 .00037 dishwashers 1845.071 7.39E -05 hubby 147 .6057
0 .00051 7 g o ring 1722 .066 7 .39E -05 trebled 147 .605 7
0 .00029 6 boreholes 1476.057 7.39E -05 hypothetically 147 .605 7
0 .00 0 2 2 2 bathwater 1107.043 7 .39E -05 sticker 147 .605 7
0 .00073 9 alright 1054 .326 7 .39E -05 hippos 147 .605 7
0 .00 0 2 2 2 penalised 7 38 .028 4 0.00073 9 meters 139 .250 6
0 .00022 2 environmentally 738 .0 2 8 4 0.00037 w astaqe 123 .0047
7 .3 9 E -0 5 penalise 738 .0 2 8 4 7 .39E -05 subsidise 123 .004 7
7 .3 9 E -0 5 palls 7 38 .028 4 7.39E -05 deem 123 .004 7
7 .39E -05 s tre a tle y 738 .0 2 8 4 0.00022 2 recycle 116 .5308
7 .39E -05 pressurised 7 3 8 .028 4 0 .00014 8 bathrooms 105 .432 6
7 .3 9 E -0 5 nitrates 7 3 8 .028 4 7 .39E -05 gadget 10 5 .432 6
0 .00 0 1 4 8 droughts 492 .018 9 7 .39E -05 notify 105 .432 6
0 .00014 8 stopcock 492 .018 9 7 .39E -05 cookers 105 .432 6
0 .00029 6 flushes 421 .7 3 0 5 0 .00037 drought 102 .5039
0 .00014 8 refund 3 6 9 .014 2 0.000591 ok 101 .797
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Table 3.2.7. A terms in the transcript from Group 3 with a SL/GL ratio
greater than 100
G ro u p  3
R el F req M atch S L /G L  R atio Rel Freq M atc h S L /G L  R atio
0 .0 0 0 2 1 2 adverts inf! 0 .00028 3 privatise 400 .5 4 9 3
0 .0 0 0 2 1 2 doser inf! 0 .00049 6 reservoirs 377 .4 4 0 7
0 .00 0 2 1 2 greywater inf! 0 .00 0 1 4 2 replenishing 350 .4 8 0 6
0 .0 0 0 1 4 2 aquifer inf! 7 .08E -05 chlorination 350 .4 8 0 6
0 .0 0 0 1 4 2 c h o ls e y inf! 7 .08E -05 inspectorate 3 5 0 .4 8 0 6
0 .00 0 1 4 2 pics inf! 7 .08E -05 preciously 350 .4 8 0 6
7 .0 8 E -0 5 10p inf! 7 .08E -05 updates 350 .4 8 0 6
7 .0 8 E -0 5 20p inf! 0 .00014 2 unaccounted 280 .3 8 4 5
7 .0 8 E -0 5 5p inf! 0 .00028 3 appliances 233 .6 5 3 7
7 .0 8 E -0 5 abstracting inf! 7 .08E -05 chucking 233 .6 5 3 7
7 .0 8 E -0 5 bumf inf! 7 .08E -05 dosed 233 .6 5 3 7
7 .0 8 E -0 5 cfc inf! 7 .08E -05 environmentally 233 .6 5 3 7
7 .0 8 E -0 5 d id co t inf! 7 .08E -05 whys 233 .6 5 3 7
7 .0 8 E -0 5 emissions inf! 0 .00014 2 borrowings 200 .2 7 4 6
7 .0 8 E -0 5 exiting inf! 0 .00014 2 timer 175 .240 3
7 .0 8 E -0 5 g ateh a m p to n inf! 7 .08E -05 bans 175 .240 3
7 .08E -05 g reen p eace inf! 7 .08E -05 catchment 175 .240 3
7 .0 8 E -0 5 hosepipe inf! 7 .08E -05 clogging 175 .240 3
7 .08E -05 ilk ley inf! 7 .08E -05 consents 175 .240 3
7 .0 8 E -0 5 inefficiencies inf! 7 .08E -05 qrinders 175 .240 3
7 .0 8 E -0 5 n o rth u m b ria inf! 7 .08E -05 infringements 1 75 .240 3
7 .0 8 E -0 5 o fw a t inf! 7 .08E -05 pic 1 75 .240 3
7 .0 8 E -0 5 outsourcing inf! 7 .08E -05 potable 1 75 .240 3
7 .0 8 E -0 5 privatisations inf! 0 .00085 th am es 1 58 .708 2
7 .0 8 E -0 5 renationalised inf! 0 .00021 2 etcetera 150 .206
7 .08E -05 scrutinous inf! 0 .00077 9 meters 145 .482 5
7 .08E -05 unm etered inf! 7 .08E -05 ch ilte rn 140 .192 2
7 .08E -05 website inf! 7 .08E -05 holier 140 .192 2
0 .00085 metered 841 1 .53 5 7 .08E -05 practises 140 .192 2
0 .00049 6 w a llin g fo rd 4 906 .729 7 .08E -05 trebled 140 .192 2
0 .00049 6 metering 245 3 .36 4 0 .00014 2 conserving 127 .447 5
0 .00021 2 sprinkler 210 2 .88 4 0 .00014 2 educating 127 .447 5
0 .00028 3 bathwater 1401 .922 0 .00063 7 privatised 123 .699
0 .00014 2 nationalising 1401 .922 0 .00028 3 impacts 116 .8269
0 .00021 2 dishwashers 1051 .442 0 .00021 2 taxed 116 .826 9
0 .00028 3 eczema 934 .6149 7 .08E -05 engender 116 .8269
0 .00028 3 stopcock 934 .6149 7 .08E -05 infringement 116 .8269
7 .0 8 E -0 5 marginalised 700 .961 2 7 .08E -05 subsidise 116 .8269
7 .0 8 E -0 5 segregating 700 .961 2 0 .00028 3 conserve 112 .153 8
7 .0 8 E -0 5 sm yth e 70 0 .961 2 0 .00056 6 recyclinq 107 .840 2
7 .0 8 E -0 5 tweaking 700 .961 2 0 .00014 2 unfairness 107 .840 2
0 .00092 leakage 607 .499 7 0 .00042 5 watering 102 .579 7
0 .00028 3 sprinklers 4 67 .307 5 0 .00042 5 clip 100 .137 3
0 .00014 2 freezers 4 67 .307 5 7 .08E -05 consciences 100 .137 3
0.001841 meter 4 33 .928 4 7 .0 8 E -0 5 sufferers 100 .137 3
Table 3.2.8. Common terms between groups within the top weirdest terms
(SL/GL ratio greater than 100)
Terms com m on to Terms com m on to Terms com m on to Terms com m on
all groups Group 1 and 3 Group 1 and 2 to  Group 2 and 3
metered Wallingford Goring Gatehampton
metering chlorination borehole bumf
reservoirs clogging cisterns hosepipe
meter abstracting groundwater unmetered
bathwater greywater Hippos Didcot
meters showers sprinkler
appliances dishwashers
leakage stopcock
environmentally sprinklers
Tham es etcetera
trebled
subsidise
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Also interestingly, within this sample of high weirdness terms, there are only 10 words 
used in common between the groups which is surprising considering the narrow focus 
of the topic, and this demonstrates a different viewpoint and approach to the same 
subject that can be encountered between groups of approximately similar demographic 
backgrounds. In a comparison of all of the unique words used, 585 were found in 
common, many of which were CCWs. This means that roughly two thirds of the 
vocabulary used were not common across all groups.
One obvious difference that may be attributable to this difference is the sex of the 
respective groups, the first being all male, the second all female and the third mixed. 
Sociolinguistics tells us that sex can be an important factor in the use of language where 
all else is equal, particularly in terms of the frequencies of similar forms (Trudgill, 
1995). For example, men tend to use more of the vernacular forms than women in 
Western language, and women tend to use more standard grammatical forms than men. 
In this case, we cannot say that all other factors are totally equal, but social class, age, 
educational background and regional dialect variations can be mostly ruled out as 
contributory. There may be other unknown reasons for the variance in language use in 
this instance such as the effects of the environment in which the data was collected, 
influence of dominant group members, bias from personal experiences related to the 
topic and so on, but these are much harder to qualify.
None of the high weirdness terms (that is, terms with a high specialist language to 
general language ratio) have a high relative frequency of occurrence, as one might 
expect since by definition the term must occur at a frequency higher than it might occur 
within the general language corpus (BNC), which for specialist terms will typically be 
very low. However, if one examines words that occur within the first two hundred most 
frequent terms in the focus groups (Table 3.2.3), there are certain morphological 
variants that do appear within both datasets, including meter (base word), meters, 
metered, metering, unmetered (weird morphological variants) and environment (base 
word), environmentally (variant). These terms are of particular importance in the 
language used by the interviewees. Table 3.2.9 shows the top 100 most frequent terms 
with SL/GL ratios of 100 or higher for one of the focus groups. It shows that these 
terms account for just over 0.03% of the vocabulary, and yet are probably most crucial
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in defining the detailed language of the participants in discussing this topic due to their 
specificity. There are no CCWs within this group.
Table 3.2.9. The top 100 most frequent words with a SL/GL ratio of 100 or
higher for the Group 1 interview.
Token
C um ulative
rela tive
freq u en cy
m eter,flush,tham es,m eters,m ains,abstraction,R eservoirs,custom er,pipes,R egulators 0.013%
Leakage,showers,leaks,M etered,Sew erage,Goring,plum bing,Softener,C istern,w asteful 0.006%
install, Loo,flushing,nationalised,Chlorinated, Regulator, EA,complains,leakages,Abingdon 0.004%
Bracknell,W allingford,Chlorination,Metering,Clogging,Advert,Borehole,directories,farmland,appliances 0.002%
septic,billed,toilets,pang,30s,50s,60s,Abstracting,Composting,Damping 0.002%
Descaler,Fattier,Greywater,Hrs,Hypothecated,Ladybower.Lim escale.M acerators,Pitchforks,Rateable 0.001%
Recirculate,Softeners,Thetford,W antage,Subsidising,W eirdo,Bathwater,Heineken,Notifying,Basements 0.001%
Blurb,Bre,C isterns,Dept,environmentally,hydraulics,inputting,readout,cupful,groundwater 0.001%
am enity,bangladesh,hippos,changeable,com pton,electronically,loos,niagara,selfishly,spouting 0.001%
alright,obstructive,hippo,anglian,contam inate,onus,rutland,stoke,debit,marina 0.001%
Total 0.032%
Note: W ords in bold app ear or are  variants of words that appear within the first 200 m ost frequent words in all
focus groups
Tables 3.2.10 and 3.2.11 below show selected words with their variants and frequencies 
for two of the groups as an example of simple language use analysis.
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Table 3.2.10. Selected words with their variants from the Group 2 interview
Goring WI < 
Selected w 
Rel freq
jroup
Drds with varian 
Match
is (plurals in 
Rel freq
talic)
Match Rel freq Match Rel freq Match
0.0001 Appliance 0.0012 cost 0.0001 householder 0.0004 reasonable
0.0003 appliances 0.0001 costing 0.0001 housekeeping 0.0001 reasonably
0.0001 Application 0.0001 costs 0.0004 houses 0.0001 reasons
0.0001 Applied 0.0005 dem and 0.0001 housewives 0.0013 say
0.0001 Applying 0.0001 demanding 0.0001 housing 0.0007 saying
0.0004 Ask 0.0001 demands 0.0013 information 0.0001 say s
0.0002 Asked 0.0008 difficult 0.0001 informed 0.0018 som e
0.0001 Asking 0.0001 difficulty 0.0001 informing 0.0003 som ebody
0.0006 Aware 0.0101 do 0.0001 knew 0.0001 som ehow
0.0002 A w areness 0.0007 does 0.0052 know 0.0004 som eone
0.0010 Bill 0.0004 doesn’t 0.0001 knows 0.0018 something
0.0001 billing 0.0011 doing 0.0007 level 0.0002 som etim es
0.0007 bills 0.0069 don’t 0.0002 levels 0.0001 som ew here
0.0001 borehole 0.0007 done 0.0024 like 0.0116 think
0.0003 boreholes 0.0004 environment 0.0001 likes 0.0002 thinking
0.0006 business 0.0004 environmental 0.0014 m ean 0.0001 thinks
0.0001 businesses 0.0002 environmentally 0.0001 means 0.0002 usage
0.0004 care 0.0004 general 0.0001 m eant 0.0033 use
0.0001 careful 0.0003 generally 0.0015 m eter 0.0011 used
0.0007 certain 0.0013 go 0.0007 m etered 0.0004 uses
0.0004 certainly 0.0007 goes 0.0001 metering 0.0010 using
0.0004 charge 0.0027 going 0.0007 meters 0.0017 want
0.0005 charges 0.0001 gone 0.0002 necessarily 0.0001 wants
0.0001 charging 0.0002 happen 0.0001 necessary 0.0009 work
0.0019 com e 0.0002 happened 0.0001 necessity 0.0001 worked
0.0008 comes 0.0001 happens 0.0001 possibility 0.0001 workers
0.0004 coming 0.0016 has 0.0001 possible 0.0001 working
0.0001 communal 0.0003 h asn ’t 0.0001 possibly 0.0002 works
0.0007 community 0.0095 have 0.0002 pump 0.0036 your
0.0010 companies 0.0017 haven’t 0.0002 pum ped 0.0001 yours
0.0007 com pany 0.0008 having 0.0001 pumping
0.0003 complain 0.0008 house 0.0001 pumps
0.0001 complaint 0.0002 household 0.0001 reason
This information can help to characterise the language used. For instance, we can see 
that in the above example, use of noun adjuncts (using nouns as adjectives by the 
addition of y or ey) is prevalent and pluralisation is relatively uncommon, both of which 
are signs of non-scientifically oriented speech. However, the first group data shows a 
much higher level of pluralisation (Table 2.3.11) and a lower use of lexical wordforms, 
showing that perhaps this particular group is more scientifically aware that the group of 
WI members, or at least has been subject to scientific or technical training at some point 
in their lives. This has implications for how to target educational and/or informational 
campaigns to generate the desired response.
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Table 3.2.11. Selected words and their variants from the Group 1
interview.
First Goring 
Selected wor 
Re! Freq
group
ds with variants 
Match
(plurals in it. 
Rei Freq
alic)
Match Rel Freq Match Rel Freq Match
0.0001 Abstract 0.0001 considered 0.0003 improved 0.0009 pipes
0.0001 abstracting 0.0001 considering 0.0001 improvement 0.0002 political
0.0010 abstraction 0.0001 developed 0.0001 improves 0.0001 politician
0.0001 abstractions 0.0002 developing 0.0002 improving 0.0002 politicians
0.0007 Agree 0.0003 developm ent 0.0003 interested 0.0001 politics
0.0001 Agreeable 0.0006 economic 0.0001 interesting 0.0003 rate
0.0001 Agreeably 0.0003 economical 0.0007 interests 0.0001 rateable
0.0001 Agreeing 0.0001 economically 0.0022 know 0.0005 rates
0.0001 Becam e 0.0001 economics 0.0001 knowing 0.0001 regulate
0.0001 Becomes 0.0003 economies 0.0002 knowledge 0.0005 regulations
0.0001 Becoming 0.0008 efficiency 0.0001 known 0.0003 regulator
0.0001 Becoming 0.0005 efficient 0.0007 leak 0.0008 regulators
o.oooeBill 0.0001 efficiently 0.0007 leakage 0.0001 regulatory
0.0002 Billed 0.0022 environment 0.0003 leakages 0.0014 save
0.0003 Bills 0.0006 environmental 0.0002 leaking 0.0002 saved
0.0001 B usiness 0.0001 environmentally 0.0007 leaks 0.0001 saves
0.0002 businesses 0.0007 feel 0.0009 look 0.0008 saving
0.0005 C hange 0.0003 feeling 0.0002 looked 0.0001 savings
0.0001 changeable 0.0002 flow 0.0001 looking 0.0019 use
0.0002 C hanged 0.0003 flows 0.0003 m anage 0.0011 used
0.0001 Changes 0.0006 general 0.0003 m anaged 0.0002 useful
0.0001 Changing 0.0006 generally 0.0002 m anagem ent 0.0002 user
0.0003 C harge 0.0006 give 0.0026 m eter 0.0002 users
0.0001 Charged 0.0003 given 0.0006 m etered 0.0001 uses
0.0003 charges 0.0001 giving 0.0002 metering 0.0011 using
0.0005 charging 0.0002 happen 0.0011 m eters 0.0005 w aste
0.0003 chlorinated 0.0002 happened 0.0003 necessarily 0.0001 wasted
0.0002 chlorination 0.0001 happens 0.0002 n ecessary 0.0005wasteful
0.0002 chlorine 0.0018 house 0.0003 notice 0.0010 work
0.0003 complains 0.0002 household 0.0001 noticeable 0.0002worked
0.0001 complaint 0.0001 householder 0.0001 noticed 0.0001 working
0.0001 complaints 0.0002 households 0.0001 notifying 0.0001 workmen
0.0002 consider 0.0006 houses 0.0016 pay 0.0005 works
0.0001 considerably 0.0001 housewife 0.0007 paying
0.0001 consideration 0.0003 housing 0.0001 pays
0.0001 considerations 0.0007 improve 0.0005 pipe
The final example of text analysis uses a more intuitive approach in order to examine 
action oriented speech patterns (particularly in the context of present participle verb 
inflections in active sentences with pronoun headers). Manual examination of the data 
revealed certain semantic formations within the text indicating attitudinal and potential 
action based communication. These were extracted and augmented with the addition of 
other typically common speech constructs (chosen by the author) within the categories 
selected. Essentially, the categories consisted of positive action based constructs or 
those indicating a factual belief (i.e. a sentence containing ‘it is the case that’ is assumed 
to still represent an opinion or belief even though it is presented as fact), and positive 
opinion based constructs or those representing an emotional connection to the statement
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(e.g. ‘I feel’), and also negative versions of these two categories. The resultant list is 
presented in Tables 3.2.12 and 3.2.13 below, and this was used to generate occurrences 
of these constructs within the data text.
Table 3.2.12. Opinion & Expression Forms
Positive Negative
I think I don’t/do not think
I suppose ‘ I don’t/do not suppose
I would think I wouldn’t/would not think/have thought
I’ve/I have thought [about] I’ve/I have never thought [about]
I’ve/I have considered I’ve/I have never considered
I would/I’d imagine I would not/wouldn’t imagine, I would/I’d never imagine
I [would] guess -
My guess is -
My opinion is -
I believe I don’t/do not believe
I would/I’d say [that] -
In my judgement -
In my opinion -
I [would] assume I don’t/do not [/wouldn’t/would not] assume
I [would] presume I don’t/do not [/wouldn’t/would not] presume
I/I’m [very] aware I/Fm not [very] aware
I feel I don’t/do not feel
I’m/I am [very] sure that I’m/I am not [very] sure that
I reckon I don’t/do not reckon
I [would] suspect I don’t/do not [/wouldn’t/would not] suspect
I [would] expect I don’t/do not [/wouldn’t/would not] expect
I mean I don’t/do not mean
I dare say 1 daren’t say
I [would/would tend to/’m inclined to] agree I don’t/do not agree
I personally -
I have to say -
Mote: Words in square brackets are optional components of the expression, and 
forward slash indicates variations in form
Table 3.2.13. Action & Factual Forms
Positive Negative
You/one [always] know/s You don’t [always] know, one doesn’t know
I know [for certain] I don’t/do not know
It’s [certainly/definitely] true that It’s not true/untrue that
It’s [certainly/definitely] the case that It’s not the case that
It’s [certainly/definitely] possible that, it’s probable that It’s not possible/probable that, it’s impossible/improbable
There are/is/’s There aren’t/isn’t
We/I have [had], I’ve/we’ve got, we’ve/I’ve [had] We/I haven’t, I/we don’t have, I’ve/we’ve not, I’ve/we’ve never
I/we/one would I/we/one wouldn’t/would not
I am, we are, I’m, we’re I’m/we’re not, I am/we are not
I/we/one could Vwe/one could not/couldn’t
I/we/one might I/we/one might not/mightn’t
You/we/one can You/we/one can’t/cannot
You’ve got to, one has to You’ve not got to, one hasn’t got to
You/we/one must You/we/one mustn’t/must not
You/we/one should You/we/one shouldn’t/should not
I/we will I/we will not/won’t
You/we do, One does You/we don’t/do not, One does not/doesn’t
Note: Words in square brackets are optional components of the expression, and forward
slash indicates variations in form
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Table 3.2.14 represents the results of a wordlist search using the above filters. It shows 
that the majority of speech is in the positive reference, and perhaps surprisingly, most 
constructs appear to be in the factual/action form rather than opinion. In particular, the 
use of constructs beginning with ‘one’, and ‘we’ shows a rather formal speech 
compared with common colloquial use of ‘you’ that could be expected from analysing 
informal conversation. The use of sentences beginning with ‘I feel’, ‘I believe’, ‘I 
think’, and ‘I would say’ and the negative factual forms ‘you cannot’ and ‘we are not’ 
shows assertive speech and indicates that there are strong opinions and beliefs contained 
within the data ( ‘I think’ occurs with the greatest frequency).
The notable absence of any negative opinion forms and the greater diversity of factual 
and active forms is another supporting indicator of a relatively educated and 
scientifically oriented group, and of openness to the interview process itself. Action and 
opinion based constructs beginning with ‘I’ are of particular interest in terms of eliciting 
specific user behaviour and attitude data relating to individual actions, in particular ‘I 
would’, ‘I could’, ‘I will’, ‘I am’, ‘I might’ and the associated negative versions. Using 
Key Word In Context (KWIC) analysis, we can rapidly locate these constructs within 
the text so as to identify why they occur and in response to what, thus reducing the 
overall analysis time and providing a systematic method of comparative assessment.
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Table 3.2.14. Summary of filtered results for first Goring focus group 
interview using syntactic forms in Tables 3.2.12 & 3.2.13.
Group 1
Wordlist with Positive Opinion 
Forms list
0.000114 one might
Task: Wordlist 0.000454 one would
Words: 8801 Vocabulary: 9 0.001477 there are
F req u en cy M atch 0.001477 there is
0.000114 i am  very aw are 0.001363 we are
0.000454 i believe 0.000114 we could
0.000227 i feel 0.000227 we do
0.000568 i m ean 0.001023 we have
0.000682 i suppose 0.000114 we should
0.000341 i suspec t 0.000227 we will
0.002954 i think 0.000227 we would
0.000114 i would agree 0.001704 you can
0.000114 i would say 0.000568 you do
0.000114 you know
Wordlist with Positive 
Action/Factual Forms List
0.000114 you m ust
Task: Wordlist
Words:8801 Vocabulary: 23 Word list with negative opinion 
forms list
F req u en cy Match Task: Wordlist
0.001023 i am Words:8801 Vocabulary: 0
0.000341 i could
0.001932 i have Wordlist with negative 
actions/factual forms list
0.000227 i know Task: Wordlist
0.000114 i might Words:8801 Vocabulary: 2
0.000114 i will F req u en cy M atch
0.002045 i would 0.000114 we are  not
0.000227 one could 0.000114 you cannot
This type of analysis may provide the means to assess implications for how open the 
group, and possibly sub-classes of the population, might be to suggested changes or 
encouragement to alter behaviour patterns through DM measures. The same process as 
described above has been repeated with the other group datasets, and without 
reproducing the equivalent tables here, similar observations have been obtained. These 
examples of analysis show what can be achieved at a relatively simple level and yet 
provide interesting and useful knowledge without the need to digest all of the data. 
With further development and refinement, the whole process could potentially be 
automated, or at least semi-automated with the use of rules and perhaps fuzzy logic, 
thus reducing the burden on the decision-maker.
3.3 Discussion
In this chapter, we have looked at two types of data and the methods of analysis used as 
examples of the types of information that is obtainable, and the potential knowledge it
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can yield. These datasets and analyses are, needless to say, by no means the only ways 
of obtaining the sort of information that is pertinent to DM decision-making, but they do 
show that with relatively simple planning and appropriate level of resources, it is 
possible to reach into the customer base, a vitally important stakeholder sector, and 
generate more detailed and valuable information than might otherwise be available 
through the normal course of water supply management processes. The analysis used 
for survey data need not be particularly sophisticated, and yet will yield patterns that 
can be abstracted to form the basis of a model or improved understanding of user needs. 
However, it should be noted that modelling with the aim of generalised predictions is 
unlikely to provide a good picture of reality because every community, and every sub 
community will exhibit variations in the patterns obtained through data, not just 
between datasets, but also over time.
One aspect of the research which unfortunately was not possible due to time and 
resource constraints was to assess the effects of temporal changes in attitudes by 
conducting further surveys and interviews over a period of years. It is surmised, 
however, that the most notable changes might be related to local actions by the water 
company (such as publicity campaigns and education initiatives, increased installation 
of water meters, tariff changes or response to leaks and burst mains) and also the state 
of the micro and macro economies and the corresponding impact on the community. 
These changes, positive and negative may only manifest themselves in attitudinal 
variation rather than direct action, but an interesting notion would be to attempt to 
understand in more detail the threshold at which attitude translates into action. This was 
partially attempted for this research, but better expertise would be needed in order to 
develop a methodology suitable for more detailed examination.
Some of the techniques for obtaining and analysing data may lie in specialist domains 
that the water manager, or water engineer may not commonly utilise in the day-to-day 
management of water supply systems, possibly due to time constraints for investigation 
and research, but it is surmised that there are limits to awareness of novel techniques 
and innovative application methods. Companies will need to adopt cross-disciplinary 
approaches to problem solving and embrace these new techniques if they are to make
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significant progress towards sustainability goals, but their discovery requires investment 
in research, and the time and resources to experiment and innovate.
3.3.1 Survey data
The approach to obtaining data could easily be scaled to any level, the only real 
hindrance being limits on human resource effort and costs. So long as the approach is 
systematic, follows tried and tested protocols used in social science research, and 
generates sufficient statistically significant data, there should be enough incentive in 
terms of valuable knowledge (or customer intelligence) for companies to adopt these 
‘borrowed’ methods. When it comes to analysis, however, more care must be taken. 
Even using simple statistical techniques as have been demonstrated, there are pitfalls, 
particularly in terms of hypothesising relationships between variables that may have 
occurred out of coincidence, or for some hidden reason not brought out in the raw data. 
Thus, it is important to have understanding of the study population, a reasonable 
understanding of human behaviour and good knowledge of water demand before 
entering the analysis process.
More sophisticated methods of knowledge ‘mining’ from data (particularly that 
generated through survey), such as Latent Class Analysis (LCA, not to be confused with 
Life Cycle Analysis), can be very attractive in terms of the potential of finding 
explanatory variables, but also dangerous in that it can remove the person performing 
the analysis from the data level in such a way as to mislead or give spurious results. 
LCA attempts to examine patterns in categorical data and provide a relational variable 
or function that explains the patterns, but it may do so between variables that are 
logically or intuitively unrelated, thus can be misguiding in the wrong hands. For this 
reason, LCA was not used in this instance, and the analysis performed kept to simple 
techniques to retain data clarity.
It is always important to keep in mind the nature of the data source. In this research, all 
data has been obtained from the attitudes and opinions of individuals, and thus any 
attempt to treat this data in a mathematical way is ultimately difficult to justify. That is 
not to say that systematic approaches should not be used, but merely that selection of
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appropriate analysis is an important part of the decision-making process regarding 
societal information. A certain level of knowledge and intuition is required to gain 
understanding, which is the ultimate aim of the exercise. The good news is that this 
knowledge, and even intuition, can be captured systematically and embedded into a 
decision support system that can help guide the user and avoid erroneous conclusions 
that could be drawn from inappropriate data analysis methods and applications.
There is also a certain level of sensitivity that is needed when utilising stakeholder 
derived data. The popularist adage often quoted in the media ‘there are lies, damn lies 
and statistics’ is a view that may be prevalent amongst a significant minority, and 
therefore a mistrust of any approach which uses freely given information in a way that 
could be seen in any way as manipulative or divisive is something that should be 
avoided at all costs. Hence, transparency is as important an aspect to data analysis from 
a stakeholder perspective as it is to a decision-maker.
3.3.2 Focus group style interview data
For more qualitative data, such as that generated from the focus group style interviews, 
a more innovative approach is needed, and one such method was adopted and 
demonstrated for this research. There are fewer rules and structures laid down when it 
comes to qualitative analysis, and this can lead to confusion, ineffectual assessment or 
avoidance of the approach altogether. This project has demonstrated that this need not 
be the case. With the understanding of a few basic rules of how language is used, it is 
possible to utilise novel content-based analysis techniques to draw out aspects to 
qualitative information that would previously have required expert attention.
Again, protocols that are instructive of appropriate ways of pattern searching and 
understanding the meaning of lexical analysis results are an important aspect to 
implementing a knowledge elicitation strategy and the development and use of 
intelligent assistants for this purpose may be crucial for a standalone system to be 
realised. The approach used for this research is typically used for the written word, and 
the rules about the patterns and elements that software such as Quirk may draw out, 
may not apply to transcribed spoken word. For this reason, more detailed research into
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socio-linguistics and speech content analysis may be needed before such a method can 
be viewed as more robust.
A study conducted by Taleb and Murad (1999) in Jordan showed that focus groups and 
surveys can be an effective tool for raising awareness and improving water conservation 
campaign efforts, and that in particular, women should be a particular target for such 
studies (in line with the Dublin Statement). The data obtained for this research also 
suggests that women have a strong influence over how water is used in the home. Also, 
they suggest that regularity and frequent survey activity is the key to obtaining 
observable effects, and that it is possible to train users to conduct surveys themselves, 
thus increasing the participatory role, which in turn increases a feeling of responsibility 
amongst participants and other involved parties.
In terms of the data gathered during the case study for this research, it has been shown 
that qualitative data generated by relatively unstructured focus groups style interviews 
supports the data yielded by survey, but provides a richer set of knowledge about users 
and their attitudes. In demand management terms, the fact that the majority of 
interviewees would accept metering, for example, and that many are quite aware of 
issues surrounding the management of water and the aquatic environment lends itself to 
the conclusion that, certainly in the case of the study community, the water company 
could implement a number of water conservation and demand management measures 
with a wide degree of acceptance, and a possible successful reduction in demand, 
providing of course that these measures were implemented by involving the community 
in the decision-making process (for instance, through continued use of focus groups). 
Syme and Nancarrow (1992) have shown that there is good potential for public 
involvement in water management processes, with a fairly regular 15% participatory 
rate for invitees in studies they conducted in Australia -  this value may vary in the UK 
or in developing countries, but provides a reasonable planning value with which to 
develop elicitation and engagement processes.
It has been shown that it is possible to rapidly analyse large volumes of text generated 
by transcription of interviews and that key points that increase knowledge about the 
interviewees can be drawn, and in tandem with survey data analysis, can improve the
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water managers position in terms of strategic development for a community. It has also 
been demonstrated that the process of data gathering itself is an inclusionary process, 
and can aid in improving communications with users and raising their level of 
awareness of issues important to the management water supplies. Information 
dissemination and awareness raising amongst users about water issues can be 
complicated can be both proactive and reactive (Long et al, 1996). Therefore, a process 
such as this, which has a valuable output in terms of data, is desirable both in terms of 
development and planning strategy and in potential socio-economic benefits that might 
be expected from a similarly targeted information campaign.
Critically, the data yielded through the process of interview and group interaction has 
been shown to benefit the participants in terms of raising their own awareness of the 
issues surrounding the use of water. The groups that were involved represent a 
significant subsection of the community under study, but moreover represent typical 
middle to upper-middle class UK citizens, who have political influence through the 
power of the vote and through lobbying. These factors hint at the importance of the 
type of stakeholder involvement that public service companies in particular must engage 
in to seriously progress towards achieving sustainable management practices.
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Chapter 4 Conclusions and Future Research
Summary
This, the final chapter o f this thesis, draws together the discussions o f the previous 
chapters and attempts to examine the findings generated by literature review, 
experimentation and analysis. A section is devoted to theorising about the potential 
impacts o f the research on the practices o f demand management, and the following 
section discusses the possible environmental consequences o f the ideas developed in 
the research findings. The final two sections summarise the main findings and offer 
suggestions fo r  future research.
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Chapter 4 Conclusions and Future Research
4.1 Critique of Methods, Data and Analysis
The research project aim was to investigate methods to improve decision-making within 
the water supply sector that would increase environmental protection through improved 
sustainability through the development of decision-support tools. Social sustainability 
was identified as an area that seemingly proves difficult to tackle within the engineering 
dominated world of water supply. Demand management (DM) seems to offer one way 
of reducing the environmental impacts that are particularly associated with excessive 
consumption of water. Since the emphasis was on decisions rather than on directly 
providing technical answers to this research challenge, the nature of existing decision­
making was examined and the types of information that would be required for effective 
DM were assessed. Once this baseline was established, it seemed that utilising certain 
data types and collection techniques used in social sciences could provide answers for 
both DM and social sustainability, providing both qualitative and quantitative data 
pertinent to user stakeholder needs.
Having identified some of the types of information requirements that would be needed 
to meet these aims, it was judged that analysis approaches often used for routine 
engineering and scientific modelling (time-series, calculus and other mathematical 
techniques) would be unsuitable for assessing attitudinal information, and that 
knowledge elicitation from qualitative data could provide a useful embellishment to the 
range of tools available to the water manager in the process of making decisions. 
Methods that allowed for the uncertain and fuzzy nature of the information, and yet 
were systematic, were chosen for assessment. In Chapter 2, DM was examined in more 
detail, and it became apparent that currently the sorts of information readily available to 
the UK water industry is insufficient to form a good basis upon which strategic DM 
decisions regarding infrastructure and policy can be made. Realising that a typical 
water supply system is essentially comprised of two halves: the operational and well 
managed business of the corporate water sector; and the somewhat unpredictable and
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uncertain customer base, it is not difficult to understand why these two components 
interface on different terms.
A critical aspect to sustainability in water is accountability and transparency to all 
stakeholders as outlined in the Dublin Statement (Welford and Jones, 1996). The 
recognition that the customer base forms the largest stakeholder group, and also 
understanding that it is a complex group made up from a set of individuals each with 
their own attitudes, opinions and behaviours, means that engaging with and being 
accountable to such a group is no simple task. Stakeholders can also fall within more 
than one category, adding another layer of complexity, for instance a customer may also 
be a company shareholder or a member of an environmental NGO. However, being 
transparent and accountable can have its advantages, since stakeholder dialogue is rarely 
a one-way process. Thus interaction with stakeholders, if structured well, can be a 
learning exercise as much as it is a communication tool.
The data sources examined in this research by no means represent the full potential of
alternatives upon which the analyses could be applied. The intention was to 
demonstrate the techniques and the potential pitfalls associated with utilising data 
sources that do not necessarily fit within the range that might normally be available to 
the water manager. The techniques for obtaining the data were chosen on the basis of 
simplicity, probable yield, ease of implementation and applicability of the models and1 
or analysis methods used. For the survey, it was decided that a postal questionnaire was 
the most efficient method of data gathering given limited resources, but a greater yield 
could perhaps be obtained by door-to-door interviews with the appropriate levels of 
human and financial resources. It would have been interesting to compare the data 
obtained with billing information, particularly for demographic analysis of metered 
customers, but this information was not available for this research from the water
company due to data protection laws and commercial sensitivity.
Alternative socially derived quantitative data include contingent valuation surveys, 
Internet based surveys, public meeting voting and referenda, market research, and 
existing survey data, amongst others. Without commenting on these examples, the 
postal questionnaire does tend to be the most ubiquitous method used for social research
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primarily because of the potentially large coverage, reasonable return rates, 
configurability, and resource efficiency (with associated cost savings). Inevitably, the 
smaller the sample size, the smaller the return rate, and statistical significance then 
becomes an issue, but in the main, this form of data gathering can be very effective. Of 
critical importance is the questionnaire design, particularly in giving clear and concise 
instructions to the respondent.
Typically, social research surveys will focus on individual preferences, opinions or 
behaviour, but there is potential for much broader levels of information to be obtained, 
as demonstrated with the self assessment of water usage in the Goring survey. Whilst 
the data obtained may be of lower quality or contain greater uncertainty than that which 
might be expected from direct mechanical/ physical measurement (such as micro­
component metering, for example), the emphasis is on practicality. In practice, it is 
either too slow, too expensive, or too technically unreliable to consider obtaining data 
that is detailed and accurate when it comes to measuring a customer base if decisions 
need to be made within a time frame typical of the normal flow of business strategy, i.e. 
within a project timeframe which could be measured in weeks or months rather than 
years. Thus, whilst the data and the results from analysis may represent only an 
approximate reflection of reality, and are therefore susceptible to a degree of 
uncertainty, there is still a marked improvement in the knowledge available to the 
decision-maker in the form of trends or general tendencies. This in turn leads to 
improved decisions, and hopefully therefore, improved environmental protection.
The method of analysis is relatively insensitive to the data source, since with most 
quantitative socially derived data, it is the field of statistics which dominates the most 
useful data mining and abstraction of meaning, and the rules of statistics do not change 
from dataset to dataset. The data itself merely determines the selection of appropriate 
statistical techniques, but there is little option within the realms of rapid pragmatic 
statistical analysis for more than the basic set of tools that are commonly found within 
the average spreadsheet package (such as Microsoft® Excel™) for instance.
In a similar way, qualitative data can be obtained in a number of different ways, be it 
through one-to-one interviews, telephone surveys, written response surveys (postal or
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Internet), or whatever. The main difference with qualitative data, beyond the nature of 
the data itself, is that the collection method has much more of an influence over the 
analysis chosen. In this research, a novel content analysis approach was used in an 
innovative way to examine transcripts of spoken word generated in a focus group style 
interview situation. However, had the chosen collection method involved, say, short 
written responses, there may have been more use of statistical analysis coupled with 
knowledge extraction techniques. It is much more difficult to apply quantitative 
techniques to qualitative data, but the process used in this research demonstrates one 
way which does at least provide a structured, non-subjective approach that in the right 
hands can yield knowledge. It is clear that the breadth of potential techniques is wide, 
and to test each was beyond the scope and resources of the research aims. The 
techniques chosen were done so on the basis of practical time and resource constraints, 
and to emphasise the potential benefits of cross-disciplinary approaches to problems 
which previously may have seemed insoluble by utilising single specialist domain 
techniques and tools alone.
The choice of approach to the research task could have been structured to examine the 
data yield or quality by systematically testing a variety of different collection and 
analysis techniques, but to have done so would have meant starting from the assumption 
that the data sources and analyses were compatible in a non-traditional application. 
This essential first step was not, as far as the author is aware, conducted by anyone else 
at the project outset, and therefore formed the focus for the enquiry. The process just 
described would, however, form a next logical step for further research. With hindsight, 
at the initial project design, it may have in fact been more efficient to have focused on 
just one type of data and examined the range of analyses and verification methods to 
provide a more complete picture of the potential of that method.
4.2 Research Impact on Demand Management
In terms of the actual benefits that the approaches highlighted by the research might 
bring to water management, it is necessary to remind ourselves of current practices. 
With an average household metering rate of 25%, the quantity of certain data that water 
companies have available on household water usage patterns is limited, and even more
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so at the micro-component level (only as a result of specific research initiatives such as 
Anglia Water’s SODCON study). Do water companies analyse this data? Almost 
certainly, yes. Do they also attempt to project patterns that might be apparent in this 
data to all customers? Possibly. Does this practice have anything to do with 
environmental or sustainability goals? Given legislative pressures to maintain high 
levels of service at minimum cost to the customer from bodies like OFWAT, this is 
doubtful. There is little evidence to suggest that water companies go out of their way to 
ensure their actions are as environmentally benign as possible beyond basic legal 
compliance, and behind the usual marketing rhetoric, there are few apparent signs of 
realistic, practical sustainability management systems in place.
It is not clear exactly which issues provide the greatest hindrance to sustainability 
driven water management; whether it is lack of expertise, poor understanding of the 
potential business benefits of sustainable development in order for it to become a central 
management philosophy, perceived lack of time to restructure management decision­
making or a preoccupation with keeping good grace with the regulators -  this will only 
be known to the management of the water companies themselves. It is hoped that the 
first case is a strong reason, although it is acknowledged that all could be contributory 
factors. If the lack of knowledge, and therefore lack of confidence in tackling the issues 
involved in sustainable development, does hold back the industry, it is through research 
such as that described in this thesis that changes can be made.
Knowledge is no longer necessarily restricted to experts, academics or tomes in 
libraries, but can be accessed rapidly, conveniently and in digestible form through ICT 
and advanced system techniques such as Bayesian based query systems, automated 
natural language and text analysis and recognition, generalised systems modelling, to 
name but a few. Whilst many of these techniques have not been addressed in this 
research, the principles are equally applicable that these methods need to be applied to 
become useful, and often this means breaking the mould in which they were formed to 
find new and challenging areas where they can add benefit and progress.
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Addressing the specific techniques examined here, there are a number of key ideas that 
can be drawn out:
• Demand management can potentially be applied successfully at the community 
level. Where demand zoning coincides with geographical community 
boundaries, the effects of utilising community focused techniques to improve 
demand management will probably be minimal, but where zones are based on 
infrastructure, it is suspected that treating communities as units would be more 
efficient in terms of managing supplies by tailoring system operation and 
planning to the needs of such units.
• Whilst precision is poor, consumer self-assessment of micro component water 
use has been shown in the Goring case study to be surprisingly accurate when 
aggregated over statistically significant samples. This means that water 
companies could potentially obtain much more detailed information about the 
demand patterns in their catchments by utilising such an approach without the 
need to conduct a relatively intrusive micro-component metering research 
programme.
• Using social assessment methods such as surveys and focus groups provides a 
means to engage customer stakeholders and can deliver an effective feedback 
mechanism, as well as useful attitudinal data.
• Being seen to be attempting to understand consumers can foster trust and 
cooperation, and those communities receptive to certain ideas can be targeted for 
trial studies, or increases in DM techniques such as metering or tariff schemes 
for example. Such research can form part of a wider stakeholder engagement 
programme such as defined in the Accountability A A 1000 framework 
(Accountability, 1999).
• Social assessments provide data that can be used at almost any level, from the 
individual to an entire catchment, providing useful patterns of information at 
each. This makes it invaluable for strategic purposes even though data quality 
may not be suitable for operational requirements.
• The participants in this research have demonstrated, perhaps surprisingly, a good 
general understanding of the principles of water supply management practice, 
and whilst not expected to have a detailed knowledge, this qualifies participants 
with similar levels of understanding for valid input into decision-making, thus
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dismissing any notion that non-experts cannot provide useful and important 
contributions within a management framework.
• The potential knowledge available to the water manager from the types of data 
that might be obtained using techniques commonly practiced in social sciences 
can be enhanced significantly through the appropriate use of advanced computer 
based analysis tools (which only a few years ago were unavailable), in some 
cases using them in novel ways.
• The sharing of expertise and knowledge can be greatly enhanced through ICT, 
amongst all stakeholders (through devices such as Knowledge Networks), thus 
accelerating decision-making support processes whilst simultaneously obtaining 
greater breadth of input coverage, and improving the corporate knowledge 
capital.
4.3 Environmental Consequences of Strategies
It is a truism that knowledge of itself achieves nothing; it is to what use that knowledge 
is put that determines its power. This is especially pertinent to organisations, such as 
utilities, that already hold physical power over so many lives in the sense of controlling 
services direct to the home or industry, without which many tasks could not be 
accomplished and life would become uncomfortable to say the least. So the provision 
of tools that can enhance stakeholder involvement, improve the potential knowledge of 
user behaviour patterns and attitudes, and improve trust is pointless unless the impetus 
for change has been generated from within the highest echelons of the corporate 
structure and successfully cascaded into the general organisational policies and ethics.
A determination for a water company to become more sustainable, as with any 
organisation, needs to be embraced at all levels in order for it to succeed in meeting 
sustainability targets. Therefore, this research cannot claim to actually mark potential 
improvements in environmental performance of water companies as this is determined 
by the organisation’s own policies. However, the tools demonstrated can offer a way 
forward in the direction of improved sustainability through more stakeholder-inclusive 
decision-making, and options for further research into implementing practical solutions 
to problems involving more environmentally benign and socially acceptable methods of
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operating. Often, when faced with a task which is ill-defined, or involves an unfamiliar 
field of expertise which requires appropriate specialised knowledge, any tools, that can 
provide a way forward, even in forming a framework within which to define the 
problem space, can offer benefits.
Demand management is a process which involves understanding consumer behaviour in 
order to (hopefully) modify either the behaviour or the conditions and environment 
which lead to the existence of that behaviour. In the case of water, the reasons behind 
peoples attitudes and usage habits are many and complex, and depend upon many 
factors, but the inter-relationships between these factors and the behaviour patterns 
themselves are poorly understood. There are no mechanistic or deterministic rules 
which can be applied, and no mathematical formulae which can explain them, so in the 
end, decisions must be made on expert judgement. The only way to improve that 
judgement is, therefore, to improve the informedness of the decision-maker. In the 
absence of in-depth training, costly external expertise from multiple domains, and 
‘divine insight’, the next best alternative is to collect and analyse data in a way to infer 
new knowledge from an existing resource (the customer base) and make the use of 
heuristics derived from appropriate additional sources of expertise. This approach may 
or may not yield improved decision-making performance depending on the nature of 
such data, but at least knowledge has been gained which can be translated into 
experience, and in turn lead to incremental benefits to the management process.
In the case studies described, it has been demonstrated that more knowledge about a 
community can be gained by applying novel techniques in innovative ways, and that the 
resultant information can be effectively translated into action or strategy (e.g. Goring 
residents would more than likely accept widespread, if not universal metering of their 
water supplies). It is accepted that the overall quantities of data captured and the study 
area itself are not large, nor especially representative of any community beyond the 
demographic characteristics specific to the study population. However, the focus was 
always on the techniques, rather on the results, and these techniques have been 
demonstrated to provide an improved level of knowledge upon which better decisions 
could be made with regard to resource planning, infrastructure development, policy and 
user stakeholder relationship building.
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With regard to social surveys, it is fair to state that the data yielded cannot be 
approached with any expectations of the sort of quality that might be expected from an 
experiment or measurement involving a physical process, and therefore to treat it as 
such during analysis is somewhat misplaced. However, there are many elements from 
survey research that can not be obtained by any other means, so whilst it is perhaps 
more rigorous (and expensive) to install micro-component measuring devices into the 
homes of the study area for instance, this will not yield information about the nature of 
the occupant beyond usage habits. What is more, to scale the process up to the level of 
town, city or megacity highlights the massive cost and resource disparity between 
measurement methods and the approaches used by social scientists which yield more 
uncertain information.
Qualitative data can often be regarded with some suspicion or mistrust as a basis upon 
which to form any realistic judgement or decision, but this may largely be due to the 
lack of consistent and systematic methods for processing it. Such information will 
always require a degree of subjective assessment, even when broken into semantic or 
lexical units, simply because human language relies on interpretation rather than 
precision. However, by utilising techniques that allow rapid numerical (or statistical) 
analysis of word structures, by frequency or otherwise, the subjectivity is limited to 
assessing the nature of the data through a common comparability mechanism, i.e. 
numbers, rather than untangling grammar, sentence structure and other linguistic aspects 
before beginning to tackle the meaning. This should appeal to the logic oriented and 
structured environment of the engineer and other decision-makers facing the difficult 
task of managing the two dissimilar halves of a supply-demand system such as a water 
utility.
This research has direct implications for sustainability, particularly from the stakeholder 
dialogue perspective. The social aspects of sustainability can form a hindrance to the 
implementation of sustainable development strategies, because unlike environmental 
and economic aspects, the often perceived ‘soft science’ of sociology is less tangible in 
terms of measurement and being able to draw conclusions based on logical assessment. 
By utilising approaches of social data collection that focus on interactive feedback, the
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engagement criteria of social sustainability is, at least partially, fulfilled, and from a 
business point of view, it is more efficient than separately organising inclusionary 
processes since there are multiple benefits: data, engagement, education, trust building, 
and enhancing knowledge capital.
In summary, this research has demonstrated the possibilities for a set of tools and 
techniques that can allow for the integrated collection and structured systematic analysis 
of data for demand management planning and decision-support that simultaneously 
provides unique stakeholder engagement opportunities, thus not only extending the 
possibilities of improving environmental sustainability through better control of water 
demand, but also increasing dialogue with water users who represent the largest 
stakeholder group.
4.4 Main Findings
It has been suggested by various authors that the development and management of water 
supplies can be achieved in a way which meets the primary objectives of sustainable 
development (ADB, 1993, Franceys, 1997, Low and Balamurugan, 1991, Briscoe and 
Gam, 1995, WMO, 1992). However, in order to do this, it is essential that 
environmental, economic and social conditions are met such that inter-generational and 
international equity is viewed as a priority. Due to the nature of the history of water 
supply management, environmental and economic dimensions are dealt with from a 
scientific or engineering perspective, thus placing an emphasis on the ‘hard edged’ 
science of what is measurable, systematic and logical. In order to factor-in the ‘softer’, 
social side of water management, largely but not exclusively represented by the end user 
(especially the domestic consumer), an all inclusive stakeholder approach to decision­
making is needed, which can sometimes be contradictory to the course of action that an 
engineering approach might adopt for a given set of circumstances and criteria.
Because of the nature of the information that the user-stakeholder generates, traditional 
mathematical and statistical models cannot adequately account for the uncertainty and 
qualitative aspects to captured data and knowledge (such as opinions). Therefore, an 
important aspect to involving social dimensions is to utilise and develop advanced
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methods of organising and assimilating the information, and to provide flexibility in 
decision-making structures for experience-based judgement and heuristics that are either 
generated or synthesised. Thanks to the development of computer based reasoning and 
analysis, and ICT, new tools can be used which can assist in the integration of 
stakeholder input, and it is believed that without these methods, a decision-making 
process that involves sustainable development objectives would be slow, laborious and 
sometimes extremely difficult to achieve.
In this portfolio, it is proposed that existing approaches to water management do not 
integrate social dimensions in a sustainable sense, but particularly that the necessary 
expertise to deal with collection, analysis and integration of socio-metric data can be 
lacking within the water manager’s armoury of skills. Modem desktop computing 
allows for the power of sophisticated analysis and facilitates approaches that enable the 
missing side of the equation within a sustainable development paradigm to be 
introduced with minimum retraining requirements. It can be argued that the decision- 
support structure itself is an aspect to developing a Clean Technology solution to water 
supply, because by providing the means (and in this instance, Information and 
Communication Technology) to include stakeholder information ‘on top of’ existing 
(and new) engineering and scientific data, a more holistic view can be taken that more 
closely fills a sustainable framework than traditional approaches.
As has been argued earlier in this thesis, demand management forms an integral part of 
the necessary approach to implementing sustainable development in the water supply 
sector, largely because it involves steps towards the complete understanding of user 
water demand patterns, and methods of engaging with the water user such that a variety 
of means, that together form a strategy, can be implemented to control, or in the least, 
maintain closer watch and predictability on demand. Without demand management, 
demand will continue to grow unchecked, users will fail to comprehend the importance 
of the effects of their usage patterns, and water companies will be forced to implement 
reactionary controls at time of high system and environmental stress.
Since demand management involves intimate knowledge of users, this requires water 
managers to adopt new roles and face a paradigmatic change in how supplies are
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planned, administered, and maintained, and since these changes involve new knowledge 
and methods, tools such as those demonstrated by this research project can only 
expedite the transition. A possible key ingredient to the management and effective 
utilisation of this knowledge is the use of ICT which enables its capture, rationalisation, 
analysis, and interpretation. As such, the role of ICT in this case should be developed in 
a way which embodies the principles of sustainable development, and the ability of 
modem software and novel methods to embody rules and concepts in an adaptable way 
without the need for crisp definition is coincident with this. By acknowledging the 
value of a cross-disciplinary approach to the development of tools that address the needs 
of decision-makers and embody sustainability principles, a broader involvement by 
social scientists, linguistic experts, water engineers, software engineers and 
environmental engineers into research in this field would greatly enhance the prospects 
of successful progress in tackling the complex issues involved. This research has 
adopted a cross-disciplinary stance, embraced new technologies and tackled a growing 
problem of water stress in urban areas. This marks the beginning of the full range of 
investigations that are needed in order for the methods and approaches to be regarded as 
effective and reliable so as to be adopted by practitioners in the field.
In addressing the investigated issues of sustainable water demand management in urban 
areas by way of improving decision-making potential, the primary output from the 
research includes the demonstration of the use of social surveys for the generation of 
exploitable user behaviour and attitudinal data. This was a novel survey in terms of the 
content of the questionnaire and its relation to demand management issues, and also in 
terms of target population. Of even greater significance was the novel use of focus- 
group style interviews in an open, inclusive manner in order to elicit water users views 
on their own attitudes and behaviours, and also on the water industry and associated 
wider issues. From this data, as demonstrated, a two pronged set of knowledge can be 
synthesised:
Firstly by subjective analysis, themes and areas of common concern can be drawn out 
and summarised. This can be compared to social survey information for the same 
community which provides a statistical basis on which to judge comments made in 
interview, and also provide backup evidence for behavioural indicators within the 
dialogue.
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Secondly, by using a set of linguistic techniques which compare the data with both 
general and specialist language corpora, a fuller understanding of the participants can be 
gained, including aspects such as their understanding of scientific themes, gauges of 
their world view(s), pointers to areas of key concern, heuristic discovery, areas of 
commonality and diversity, and indicators of polarity of opinion on specific issues.
The process of data gathering and analysis is not entirely automated, and does require a 
certain investment in time and resources. This is because a degree of research is 
required beforehand in order to select participants, organise, run, and transcribe the 
interviews, and then to discover useful information via analysis requires a reasonably 
up-to-date and relevant corpus, a degree of knowledge regarding linguistic data 
exploration using tools such as System Quirk, and an understanding of the issues 
involved in order to retrieve relevant knowledge. Apart from the data collection process 
itself, however, these prerequisites can be embodied within expert systems as the basis 
of intelligent assistants. Whilst requiring intensive research and development initially, 
these systems could, in the long term, provide an excellent addition to the tools and 
processes already available to water managers and decision-makers. Crucially, they 
will allow the inclusion of the much needed societal elements within management and 
strategic decision frameworks.
Some of the participants of the focus group style interviews expressed that their 
awareness of issues related to water supply and use was substantially increased as a 
result of the interactions. Even though much of the discussion was opinion-based 
relating to users’ shared experiences and habits, they felt as though they had gained 
some insight through participation. This forms a strong motive for participant 
involvement in such interview and dialogue processes, which could potentially develop 
a momentum for continuance if properly organised on a regular and frequent basis. 
Whilst critics may dismiss focus groups as being of little value as a style of inclusive 
democracy, the evidence obtained during this research supports the technique, albeit in a 
novel application. This style of stakeholder engagement not only forms an inclusionary 
process in line with the principles laid down in the Dublin Statement and in frameworks 
designed to improve sustainable development and stakeholder accountability (such as 
environmental management systems), but can also be a powerful forum for reciprocal
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knowledge exchange. With the duel motive of inclusionary stakeholder engagement, 
and potential for rapid and systematic analysis of resultant data, water supply 
organisations should examine this process as part of a wider management strategy. This 
approach will improve long term sustainable water supply planning, since it allows the 
barrier of poor access to appropriate societal information for decision-support purposes, 
at least in part, to be removed.
4.5 Future Research
This project was initiated to develop new methods of managing water to improve 
environmental performance and sustainability. Through the research process, it has 
become clear that there are many avenues which need to be explored, many of which 
have been beyond the scope of this specific project. In order to assist the instigation of 
further research in this area, there are several key ideas which directly follow on from 
what has been discussed in this portfolio which are laid out below.
1. Validation of data and models:
The case studies that have been presented represent a limited evaluation of the 
full range of possible patterns that might be exhibited with a wider data 
coverage. However, before continuing to collect further data, it is first necessary 
to assess the accuracy of the conclusions that have been made from the initial 
study to form a basis for continuance. In particular, it would be a helpful 
exercise to study just how closely self assessments of user water usage are to a 
properly conducted micro-component metering study on the same population. 
From this point, it would then be easier to draw conclusions with some level of 
confidence, or at least be possible to identify the level of uncertainty or 
inaccuracy.
Further analysis on the survey data could be performed, perhaps examining any 
likely relationships between joint variables or latent variables within the 
demographic characteristics. Much more study of the techniques used and their 
effectiveness need to be made, particularly with regard to qualitative data such 
as that derived from focus group style interviews. The conclusions drawn from
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the System Quirk analysis need to be verified, again ideally by comparing with 
measured data and long-term study of the case study population, and other 
populations.
2. Alternative data sources:
It would be prudent to examine other data collection methods, for example, 
Internet based surveys, alternative social science and marketing derived 
methods, comparative data from similar demographically defined areas, and of 
course, consumer information derived from water company records and billing 
data would be of much help. This would allow a more informed assessment 
criteria to be developed and, as well as aiding validation, by cross-comparison 
would reduce uncertainties within individual datasets.
3. More extensive data:
Larger datasets would allow better conclusions to be drawn, and perhaps more 
obvious patterns to emerge at different geographical and statistical levels of 
abstraction. Statistical significance would improve, and it may allow for new 
analysis techniques to be used that would be too sensitive to fluctuations in 
small datasets. Larger sets of textual data would provide better resolution for 
System Quirk analysis, particularly when comparing with large domain or 
general corpora. Data derived from differing geographic and demographic 
sources could be compared, and any potential patterns arising from those 
differences could then be highlighted, and analysed in detail.
4. Relationship between qualitative data and quantitative data analysis:
Further attempts to examine the relationship between data collected by different 
methods would be particularly helpful, especially between transcribed elicited 
oral data and numerical based survey datasets. This would allow better 
understanding of the benefits of both data types, and hopefully improve 
guidance on when best to apply each collection method. Since we are 
attempting to measure the same set of factors, i.e. attitudes, opinions and 
behaviour, the type of data should in theory simply illustrate the same issue at
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different levels of detail and in different ways.
5. Analysis of speech:
An important aspect of the analysis of textual information derived from 
interview sources, utilising the methods encapsulated within System Quirk, is to 
assess the relationship between the results obtained from written and spoken 
texts. This would inevitably encroach into the field of socio-linguistics and 
perhaps psychology, particularly where colloquialisms and factors such as age, 
sex, social background etc. start to affect the nature of the resultant analysis.
6. Examination of resultant decisions:
Particular attention should be paid to what can be done with a toolkit consisting 
of the methods demonstrated in this project and any further ones developed 
subsequently, since the ultimate aims of the project were to improve decision­
making and increase environmental protection. A comparative study would 
need to be conducted with a base case of the status quo and involvement of a 
water company willing to experiment with the use of such a toolkit. This would 
be a possible route for research at a later stage, once further validation and 
analysis refinement studies have been undertaken.
It is hoped that this research will prompt further studies to be conducted, and it would 
be most appropriate for these to be researched with the co-operation or total 
involvement of a water company, rather than an outsider, since access to certain 
information which might otherwise be considered commercially sensitive could make 
the difference between success and failure of any future research.
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1 Questionnaire used for HR Wallingford employee survey
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^  H R  W a l l in g fo rd % ^ ' J
Domestic Water Use Survey
INTRODUCTION
Thank you for agreeing to take part in this survey. This questionnaire forms part of a 
study into domestic water use patterns for some research being carried out by the 
University of Surrey and HR Wallingford. The study aims to look into the 
possibilities of planning and managing water resources in a more efficient way by 
looking into customer needs as well as the supply capabilities and environmental 
constraints of the available water resources. The information gathered by the survey 
will be analysed and used to construct a model that can help managers and planners 
make better decisions about how water should be managed. All information 
provided will be treated in the strictest confidence and will not be passed on to 
any third parties or mail-shot organisations. This survey is for research 
purposes only and will not be used in conjunction with other information such as
credit checking agencies or criminal conviction records._________________ .
DESCRIPTION OF QUESTIONNAIRE
The questionnaire is split into two sections. The first section is a short series of 
questions to find out a bit about you and where you live. The second and more 
important section is a set of questions to find out about your household water use 
patterns and your attitudes towards how water should be managed and conserved.
The questionnaire should take no longer than 15 minutes._________________________
INSTRUCTIONS
Most answers require writing a tick in a box or writing an estimated figure, and so 
should not take long to complete. Please pay particular attention to question 8 since 
this requires accurate as possible estimates, and you may wish to ask other members 
o f your household fo r  their opinions. If you have any queries aboutthe questionnaire, 
or the study in general, please contact Jason Webb on or email
|. When you have completed the questionnaire, please fold it
in half and return it in the envelope provided.
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Section 1 : About you
Please fill out the basic information about yourself below:
Please note, this is demographic information and is vital for later analysis. 
details will be kept confidential.___________________________ ___________
Your
Number of occupants at 
your address
Adults: Children:
Highest Earner’s  
Occupation:
Total Gross Income 
Bracket (for you and your 
partner if appropriate) 
(tick one box only):
Unemployed □
under £5,000 □
£ 5 ,0 0 0 -£ 1 2 ,0 0 0  □
£12,000-£20,000 □
£20,000-£30,000 □
£30,000-£50,000 □
£50,000-£80,000 □
above £80,000 □
 Where you live:________
Do you live in (tick one box only)
a) a city centre
b) city suburbs
c) a town
□□□
e) a village
f) a rural area?
□□
The type of property you live in:
Is the property you live in (tick one box only)
a) a house □  d) a mobile home?
b) a flat/ apartment □  e) a maisonette
c) a bedsit □  f) other (please specify)
□□□
The ownership of the property:
Is the property you live in (tick one box only)
a) owned by you □
b) a privately rented property □
c) a rented council property □
d) owned by another person but not rented?_____□
The property value
Please specify (or estimate) which market value band your property falls into: 
(tick one box only)
Below £25,000 □  £120,000 - £180,000 □
£25,000 - £50,000 O  £180,000 - £300,000 □
£50,000 - £80,000 □  greater than £300,000 □
£80,000-£120,000 □  don’t know □
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   T”'
Section 2 : Your Water Use
Metering
Is your property water metered? (tick one box only)
Yes □  No Q  
If Yes, what w as your last annual water meter reading approximately in m3? 
If you are unsure, please refer to your bill statement where it should be listed.
Your water bill
How much do you pay annually for water supplied to your hom e? If you pay  
water rates, quote that, otherwise you last water bill by meter. Do not include 
money charged for sewerage, or if you do not have a specified amount for 
sewerage on your bill, enter a value equal to half your total annual bill.
Bill: £............
Landlord pays □  (tick if appropriate)
Your household daily consumption
Below is a list of common daily domestic uses of water. P lease mark by each  
the average frequency for the whole household in the column indicated. Mark 
whether per Day, per W eek or per Month by ringing the appropriate letter in 
the second column [For example, twice per day would mean writing 2 in the 
first column and ringing D in the second column]. Write additional u ses  not 
listed in the sp aces provided (but ignore drinking, hand washing and similar
Frequency Per day/
week/
month
♦ Shower (an estimated average flow and time is assumed): D W M
♦ Bath (an estimated average volume is assumed): D W M
♦ Toilet (an estimated average flush volume is assumed): D W M
♦ Washing Machine:
♦ Dish Washer:
D W M
D W M
♦ Hose pipe for garden watering or car washing 
(assuming average of a half hour per use) summer:
D W M
rest of year:
♦ Other use 1 .....................................................................
D W M
D W M
♦ Other use 2 ..................................................................... D W M
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Your views on water use
i) Of the following, who do you believe has the most responsibility to 
conserve water resources? (tick one box only)
The water company □  The customer (you) □  Both □
ii) If encouraged, would you be prepared to have water saving devices and 
fixtures such as low flush toilets, a low flow shower and so  on fitted in your 
home if they were
a) paid for by a grant from the water company or local authority (tick one 
box only), or Yes □  No □
 b) paid for by you (tick one box only)_________ Yes □ ____ No □ ________
iii) To encourage water conservation, would you be prepared to pay more for 
using water for non-essential uses such as garden watering, a dishwasher, 
or a power shower for example? (tick one box only)
_________________________________________ Yes □ ________ No □ ______
iv) Alternatively, would you be prepared to accept a capping limit on the water 
you used based on your basic water needs? This m eans paying one rate 
for water used up to a certain volume (basic need level) and then paying a 
higher rate for extra water above that limit, (tick one box only)
_________________________________________ Yes □  No □
v) Do you feel that water recycling and re-use are acceptable m easures to 
help improve water consumption efficiency? Examples are using 
wastewater from showers and baths to flush the toilet or water the garden, 
or using filtered and semi-treated wastewater for washing clothes, (tick one 
box only)
___________________________ Yes □ _____ No □ ______Don’t know □
vi) Tick two statem ents of the following that you most agree with:
a) Water should be conserved because it m akes econom ic □
sen se
□b) Water resources should be protected on environmental
grounds
□
c) Reducing water consumption is good because it will
reduce my water bill
□
□
□
d) Careful use of water is a socially responsible thing to do
e) People have the right to use as much water as they want
f) Water should be treated like any other utility such as gas  
or electricity and paid for according to the amount used.
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IpKl Your specific actions for conservation
Assuming you had to reduce your water consumption from the 
mains for one reason or another, which of the following would 
you do to help water conservation m easures? (tick as many as 
apply specifically to you and your own home)
a) reduce non-essential uses:
hose pipe O
dishwasher q
baths (if shower available) q
small load clothes w ashes ^
b) fit water saving devices:
low flow toilet cisterns
non-power shower G
water efficient washing machine □
replace water based central-heating □
dry toilet q
c) look for and repair possible leaks ^
d) use washing wastewater to water the garden G
e) use rainwater butts to water the garden G
f) encourage your neighbours to reduce their consumption too O
g) complain to the water company/ council/ newspaper about q
not being able to use as much water as you want
h) other action (please specify)
    □
i) none of these
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P relim inary results from  H R  survey
Once the surveys were returned, the data was tabulated within a spreadsheet. Each 
question was given a code, and for each code a range of possible answers was listed. 
Next to each answer, a frequency of corresponding answers extracted from the data was 
calculated and this was used as the basis for a series of graphs presented in this 
document. Tables 1 to 3 represent information about the question codes presented in 
the graphs. The graphs displayed are laid out so that the question code is shown on the 
x-axis, the frequency of responses for a particular answer on the y-axis and the range of 
possible answers is shown as data labels for each bar.
Code Question
number
Description
NOA 1 Number of Adults
NOC 1 Number of Children
INC 1 Combined Income, split into income bands
s s 1 Social Status based on official classification as laid out by 
ESRC (see Table 2) extracted from question 1
TOP 2 Type of Property -  a = house, b = flat, c = maisonette, d = 
mobile home, e = other, f=
PV 3 Property Value -  split into value bands
DCS 8 Daily Consumption -  Shower, measured in uses per day
DCB 8 Daily Consumption - Bath, measured in uses per day
DCT 8 Daily Consumption - Toilet, measured in uses per day
DCWM 8 Daily Consumption -  Washing Machine, measured in uses 
per day
DCDW 8 Daily Consumption -  Dish Washer, measured in uses per day
lOi 10 Responsibility for water conservation, wc = water company, 
cus = customer, both
lOii 10 Prepared to have water saving devices fitted by a) water
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company (y/n) or b) respondent (y/n)?
lOiii 10 Paying more for non-essential uses (y/n)
lOiv 10 Accept a capping limit? (y/n)
lOv 10 Is water recycling acceptable (y/n/dk = don’t know)
lOvi 10 See Table 3 Respondents were asked to tick two statements 
they most agreed with, resulting in a number of possible 
combinations: ab, ac, ad, ae, af, be, bd, be, bf, cd, ce, cf, de, 
df, ef
Table 1 Question codes and descriptions for Figures 1 -3
Code Description
I Professional etc occupations
II Managerial and Technical occupations
III(N) Skilled occupations (N) non-manual
III(M) Skilled occupations (M) manual
IV Partly-skilled occupations
V Unskilled occupations
Table 2 Social classifications (Rose, 1995)
Question lOvi
A Water should be conserved because it makes economic sense
B Water resources should be protected on environmental grounds
C Reducing water consumption is good because it will reduce my 
water bill
D Careful use of water is a socially responsible thing to do
E People have the right to use as much water as they want
F Water should be treated just like any other utility such as gas and 
electricity and paid for according to the amount used
Table 3 Question lOvi descriptions
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2 Postal questionnaire used for Goring survey with coding 
sheet
Page A-13
Decision-support for Sustainable Water Supply Management
EngD Portfolio Jason Collins-Webb
Dear Resident,
Water U sage Patterns Survey -  Goring-on-Thames
You have been chosen at random to take part in a university research survey. Please read on 
to find out about this project and how you can help and have the opportunity to win £50. This is 
not junk mail.
A research project looking into domestic water use patterns has been set up by the University of 
Surrey and HR Wallingford Ltd. In a recent publication by the Environment Agency, their 
strategy included measures to manage water resources, and amongst those measures were the 
following:
♦ Encourage a more efficient use of water bv the public and a change in public attitude 
towards water
♦ Promote the development and sale of low-water usage domestic appliances, supported by 
legislative changes if necessary
♦ Support the imposition of compulsory selective metering where water supplies are under 
stress
♦ Support the voluntary acceptance of water meters when accompanied by other water- 
saving incentives for the customer.
This independent survey looks into attitudes and consumption patterns of householders to 
attempt to understand the variety of expectations and actions that they might take. This is where 
you can help.
This survey is in the form of a self-completion Questionnaire enclosed with this letter. The 
instructions for the questionnaire are listed on the front, and once completed, the questionnaire 
should be folded in half and returned in the postage paid envelope provided.
The questionnaire should take no more than 15 minutes to complete, but please think about 
your answers carefully as some require estimates that should be as accurate as possible.
A draw of the first 50 returned surveys will be made for a prize of £50, s o  to improve your 
ch an ces of winning, com plete the questionnaire and return it a s  so o n  a s  p ossib le.
If you have any queries or problems with the questions, then you can contact me at the 
telephone number given below. The deadline for completion and return of the questionnaires is 
17th April. Please try to meet this deadline if you can.
Thank you very much for your helpful co-operation for this research.
Yours faithfully,
Jason Webb 
Research Engineer 
HR Wallingford
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H R  W a l l in g fo rd
Domestic Water Use Survey in Goring-on-Thames
4?
INTRODUCTION
Thank you for your interest and help in this survey. This questionnaire forms 
part of a study into the general public’s attitudes to saving water, as part of 
som e research being carried out by the University of Surrey and HR 
Wallingford. The study aims to look into the possibilities of managing water 
demand in a more efficient and environmentally friendly way. The information 
gathered by the survey will be analysed and used to help managers and 
planners make better decisions about how water supplies should be 
managed. All personal Information provided will be treated in the 
strictest confidence and will not be passed on to any third parties or 
mail-shot organisations. This survey is for research purposes only and 
will not be used in conjunction with other information such as credit 
checking agencies.
DESCRIPTION OF QUESTIONNAIRE
The questionnaire is split into two sections. The first section is a short series 
of questions to find out a bit about your household. The second and more 
important section is a set of questions to find out about your household water 
use patterns and your attitudes towards how water supplies should be 
managed. The questionnaire should take no longer than 15 minutes. You 
may need to find your water bills for reference.
INSTRUCTIONS
Most answers require writing a tick in a box or circling a number, and so  
should not take long to complete. Please pay particular attention to question  
9 since this requires accurate as possible estimates, and you may wish to ask  
other members of your household for their opinions. You will also need to 
refer to you water bill for the period 1997-98 (sent to you in April 1997) and 
your last annual electricity bill (or 4 quarterly bills). If you have any queries 
about the questionnaire^ortl^  in gen eral, p lease contact Jason Webb 
on telephone fax H H H B I H I  email
H i H H H H ^ H H ^ W h e n y o u  have completed the questionnaire, 
please fold it in half and return it in the envelope provided.
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Section 1 : About you and your home
n
ISSiRl
Please fill out the basic information about yourself below:
Please note, this is demographic information and is vital for later analysis. 
details will be kept confidential._______________
Your
Number of occupants at 
your address
Adults: Children:
Highest Earner’s  
Occupation:
Total Gross Income 
Bracket (for you and your 
partner if appropriate) 
(tick one box only):
under £8,000 □
£ 8 ,0 0 0 -£ 1 5 ,0 0 0  O  
£15,000-£25,000 Q
£25,000-£40,000 □
£40,000-£60,000 □
above £60,000 □
The type of property you live in:
Is the property you live in (tick one box only)
d) a house □
e) a flat/ apartment/ maisonette □
f) a bedsit □
g) a mobile home? □
h) other (please specify)
The number of bedrooms in your property:
□ 1 □ 2 □  3 □  4 □  more than 4
The ownership of the property:
Is the property you live in (tick one box only)
e) owned by you (including a mortgaged home)
f) a privately rented property
g) a rented council property
h) owned by another person but not rented?
□□□□
The property value
P lease estimate which market value band your property falls into (including if 
your property is rented): (tick one box only)
below £50,000 O'" £180,000 - £300,000 □
£50,000 - £80,000 □  greater than £300,000 □
£80,000 - £120,000 O  don't know □
£120,000-£180,000 □
Sewerage
Is your property connected to mains sew erage?
Yes □  No □
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Section 2 : Your Water Use
Metering
Is the water supplied to your property metered, and if so  what volume of water 
w as supplied for the last available period (specify dates)? (tick one box only) 
Yes □  Volume................. m3 for period........... .............
No □
Your water and electricity bills
How much do you pay annually for water supplied to your hom e? If you pay 
water rates, quote that, otherwise you last water bill by meter.
Bill: £............
Landlord pays
..for period................
□  (tick if appropriate)
What w as your last annual electricity bill (an estimate will do).
Bill: £................................for period................
Landlord pays___________ □  (tick if appropriate)
Your household daily consumption
Below is a list of common daily domestic uses of water. P lease mark by each  
the average frequency for the whole household in the column indicated. Mark 
whether per Day or per W eek by ringing the appropriate letter in the second  
column [For example, twice per day would mean writing 2 in the first column 
and ringing D in the second column]. Write additional u ses not listed in the 
sp aces provided (but ignore drinking, hand washing and similar small volume
♦ Shower:
Frequency Per day/ 
w eek
D W
♦ Bath:
♦ Toilet:
D W
D W
♦ Washing Machine: D W
♦ Dish Washer: D W
♦ Hose pipe for plant watering or car washing
summer:
hours D W
rest of year: 
♦ Lawn Sprinkler summer:
hours D W
hours D W
rest of year: hours D W
♦ Other use 1 D W
♦ Other use 2 D W
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Section 3 : Your attitude towards water
Your value of water
On the following sliding scale, how much do you value your water supply 
compared with your electricity supply? (circle one number only)
Water is more 
essential
1 2 3 4 5 Water is less 
essential
Your views on water use
i) Of the following statements, indicate on the appropriate sliding sca les how 
much you agree with them:
a) Water should be conserved because it makes econom ic sen se  
__________  Agree 1 2 3 4 5 Disagree
b) Water resources should be protected on environmental grounds
Agree 1 2 3 4 5 Disagree
c) Reducing water consumption is good because it will reduce my 
water bill
Agree 1 2 3 4 5 Disagree
d) Careful use of water is a socially responsible thing to do
Agree 1 2 3 4 5 Disagree
e) People have the right to use as much water as they want
Agree 1 2 3 4 5 Disagree
f) Water should be treated like any other utility such as gas or 
electricity and paid for according to the amount used.
Agree 1 2 3 4 5 Disagree
g) Public water consumption is increasing at an unsustainable 
rate.
Agree 1 2 3 4 5 Disagree
ii) On the sliding scale below, mark where you believe the most responsibility 
to save water lies? (ring one number only)
The water company 1 2 3 4 5 The customer (you)
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VS Your views on water use (continued)
iii) Would you be prepared to have water saving devices and fixtures such as 
low flush toilets fitted in your home if they were
c) paid for by you (tick one box only) Yes □  No □
d) paid for by you with an assistance grant from the water company 
_(tick one box only)_________________________________  Yes □ ____ No □
iv) If your property is not currently fitted with a water meter, would you be 
prepared to be metered voluntarily?
Assume the meter is fitted for free and the charge rate is se t at 
approximately £1.00 per m3 for a house with mains sewerage and 
there is a standing charge of £44 per year. The average consumption 
for a household of 3 is 160 m3 per year, 
(tick one box only)
Yes □  No □
v) To help control water demand, would you be prepared to pay more for 
using water for non-essential uses such as garden watering or a power 
shower for example? (circle one number)
Yes, definitely L I ^ ...3 4 5 Definitely not
vi) Alternatively, would you be prepared to pay for water at stepped rates 
depending on how much you use? For instance, you would pay for water at 
one rate until you had used a certain volume (threshold), and then a higher 
rate for water used above that limit, (circle one number)
Yes, definitely M 2 3 4 5 Definitely not
vii) Assuming stepped charging rates were introduced, should the threshold 
volume at which the charge rate increases for the property be set according to
a) The number of occupants in the property 
Agree 1 2 3 4 5 Disagree
or
b) An average volume based on the local per capita consumption rate?
Agree l_1__?__?__4__5_Disagree
viii) Do you feel that water recycling and re-use are acceptable m easures to 
help reduce water demand? An example is using wastewater (with 
appropriate plumbing) from showers and baths as a substitute for using clean  
water to flush the toilet or to water the garden, (circle one number)
Yes, definitely LJ .2  3 4 5 Definitely not
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Your specific actions for conservation
Assuming you had to reduce your water consumption from the 
mains for one reason or another, which of the following actions 
would you take in your household? (tick as many as apply 
specifically to you and your own home)
a) reduce non-essential uses:
garden sprinkler □
hose pipe □
dishwasher □
baths (if shower available) □
small load clothes w ashes □
b) fit water saving devices: q
low flush toilets q
non-power shower q
water efficient washing machine/ dishwasher q
dry toilet
c) look for and repair leaks (such as leaking taps and holes in 
the mains pipe within the property boundary)
d) use washing wastewater to water the garden (only if you 
regularly water the garden with clean water)
e) install water butts to collect rainwater for the garden
f) encourage your neighbours to reduce their consumption too
g) complain to the water company/ council/ newspaper about 
not being able to use as much water as you want
h) other action (please specify)..............................................................
□
□
□
□
□
□
□
i) none of these
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Coding sheet
1 A) Number of occupants at your address Adults: [int] Children: [int]
IB) Highest Earner’s Occupation: -> SS, 1-5, 5=high, l=low
IC) Total Gross Income Bracket (for you and your partner if appropriate) (6 choices) 
[l=low, 6=high]
2) The type of property you live in: (5 choices) [5=house, 4=flat, 3=bedsit, 2=mobile 
home, l=other]
3) The number of bedrooms in your property: (5 choices) [int]
4) The ownership of the property: (4 choices) [4=own, 3=priv rent, 2=coun rent, 
l=other own]
5) The property value (7 choices) [l=low, 6=high, 7=don't know]
6) Is your property connected to mains sewerage? (y/n) [2=y, l=n]
7) Is the water supplied to your property metered, and if so what volume of water was 
supplied for the last available period (specify dates)?
Yes: Volume.................... m for period............................. /N o  [2=y, l=n, + int if 2]
8A) How much do you pay annually for water supplied to your home? I f  you pay water 
rates, quote that, otherwise you last water bill by meter.
Bill: £ ...................................... for period..............................................
Or Landlord pays [int or landlord]
8B) What was your last annual electricity bill (an estimate will do).
Bill: £ .................... for.period...............................................
Or Landlord pays [int or landlord]
9) Your household daily consumption 
Frequency Per day/ week [int weekly total]
Shower: D W
Bath: D W
Toilet: D W
Washing Machine: D W
Dish Washer: D W
Hose pipe for plant watering or car washing 
summer: hours D W
rest of year: hours D W
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Lawn Sprinkler
summer: hours D W
rest of year: hours D W
Other use 1 .......................................................................  D W
Other use 2 .......................................................................  D W
10 [WATVAL]) How much do you value your water supply compared with your 
electricity supply? sliding scale, (1-5) [5=water more important, 1-electricity more 
important]
1II) Your views on water use (all sliding scale 1-5, 5 = agree, 1 = disagree)
I IIA) Water should be conserved because it makes economic sense
IIIB ) Water resources should be protected on environmental grounds
I IIC) Reducing water consumption is good because it will reduce my water bill
I IID) Careful use of water is a socially responsible thing to do
1 HE) People have the right to use as much water as they want
I IIF) Water should be treated like any other utility such as gas or electricity and paid 
for according to the amount used.
IIIG ) Public water consumption is increasing at an unsustainable rate.
1 III) Who has the most responsibility to save water? (sliding scale 1-5 1 = water co, 5 
= customer)
12) Your views on water use (continued)
12III)Would you be prepared to have water saving devices and fixtures such as low 
flush toilets fitted in your home if they were 
12IIIA) paid for by you (y/n) [2=y, l=n]
12IIIB) paid for by you with an assistance grant from the water company (y/n) 
[2=y, 1-n]
12IV) If your property is not currently fitted with a water meter, would you be 
prepared to be metered voluntarily? (y/n) [2=y, 1-n]
12V) To help control water demand, would you be prepared to pay more for using 
water for non-essential uses such as garden watering or a power shower for 
example? (sliding scale 1-5, 5 = definitely yes, 1 = definitely no)
12VI) Alternatively, would you be prepared to pay for water at stepped rates 
depending on how much you use? (sliding scale 1-5, 5 = definitely yes, 1 = definitely 
no)'
12VII) Assuming stepped charging rates were introduced, should the threshold volume
at which the charge rate increases for the property be set according to
12VIIA) The number of occupants in the property (sliding scale 1-5, 5 = agree, 1 =
disagree)
or
12VIIB) An average volume based on the local per capita consumption rate?
(sliding scale 1-5, 5 = agree, 1 = disagree)
Page A-22
Decision-support for Sustainable Water Supply Management
EngD Portfolio Jason Collins-Webb
12VIII) Do you feel that water recycling and re-use are acceptable measures to 
help reduce water demand? (sliding scale 1-5, 5 = definitely yes, 1 = definitely no)
13 Assuming you had to reduce your water consumption from the mains for one 
reason or another, which of the following actions would you take in your 
household? (tick as many as apply specifically to you and your own home)
13A) reduce non-essential uses: [int, value 0-31] 
garden sprinkler (1) 
hose pipe (2) 
dishwasher (4)
baths (if shower available) (8) 
small load clothes washes (16)
13B) fit water saving devices: [int, value 0-15] 
low flush toilets (1) 
non-power shower (2)
water efficient washing machine/ dishwasher (4) 
dry toilet (8)
13C) look for and repair leaks (such as leaking taps and holes in the mains pipe 
within the property boundary) [2=ticked, l=not]
13D) use washing wastewater to water the garden (only if you regularly water the 
garden with clean water) [2=ticked, l=not]
13E) install water butts to collect rainwater for the garden [2=ticked, l=not]
13F) encourage your neighbours to reduce their consumption too [2=ticked, l=not]
13G) complain to the water company/ council/ newspaper about not being able to use as 
much water as you want [2=ticked, l=not]
13H) other action (please specify) [2=ticked, l=not + descr]
131) none of these [2=ticked, l=not]
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Appendix 2 Analysis of metered respondents
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The householders were asked to estimate their frequency of use of water consuming 
activities. The use of hosepipes and lawn sprinklers during the Summer had a very 
significant impact on their estimated water use. 29% of the households had recently had 
meters installed and this small amount of independent data was used to estimate the 
accuracy of the figures for water consumption based on estimated equipment/activity 
use. This showed that the mean estimated figure was slightly lower than the mean 
measured value (a difference of 6.7%), but with a wide standard deviation of 28.9% 
(ignoring one outlier) which was to be expected due to the nature of the data. It was 
considered that though a  was wide, over the population as a whole the means would 
tend to be used for quantifying demand and therefore further corrections would not be 
necessary.
Difference between measured and estimated water use
l/week m3/yr Measured difference %difference
m3/yr
1201.5 62.478 14+ -48.5 -346.3
2944 153.088 128 -25.1 -19.6
974 50.648 36 -14.6 -40.7
2196.5 114.218 100 -14.2 -14.2
1029 53.508 46 -7.5 -16.3
2074 107.848 110 2.2 2.0
1789 93.028 100 7.0 7.0
844 43.888 56 12.1 21.6
806.5 41.938 57 15.1 26.4
451 23.452 46 22.5 49.0
1494 77.688 160 82.3 51.4
Mean = 6.7% (8m3/yr). SD = 28.9
t  This figure does not represent a full year as the meter had 
only recently been installed, hence is ignored for analysis sake
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Appendix 3 Survey Results Tabulated
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Appendix 4 Survey Analyses
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1 HR Survey
In order to test out the hypothesis that one can predict the water use behaviour of a 
population by way of modelling attitude and typical consumption patterns correlated 
with demographic information, two small-scale pilot studies were set up.
The first was conducted within the population of HR company employees. This was 
used as a trial run to test response rates, and to tease out any issues that might arise from 
the questionnaire design. Of the total population of approximately 250, a random 
sample of 30 was chosen, weighted by rank to reflect the total population’s status. The 
population was not geographically constrained, and therefore the results of this pilot 
may not sensibly be compared directly. However, it is hoped that within the results the 
socio-economic indicators will show a correlation to certain water use behaviour 
characteristics. Of the sample, 17 were returned, which equates to a return rate of 
56.7% which is unusually high. However a reminder notice was sent out after an initial 
reply of only 10, and since the company’ s^business is related to the questionnaire 
subject, it is reasonable to expect such a high rate. The results are yet to be analysed in 
terms of clustering, but an initial review of the results was carried out and yielded some 
interesting statistics.
Most notable are that estimates of water consumption vary widely even taking into 
account the expected quantities associated with the household size. 82% of the returns 
were from households of one or two people, with a much broader spread of incomes 
ranging between £5,000 and £80,000, the mean being within the £20,000 to £30,000 
income band. Most were of category I (professional) or II (technical) social status 
(according to the ESRC standard for social classification), and the majority (70.6 %) 
lived in houses of with mean market values around £50,000 to £80,000. The most 
frequent water consuming activities within these results appeared to be showers, toilets 
and washing machines, all of which account for the majority of the water volume 
consumed by domestic customers. Within the questions asking about attitudes to water 
use, the majority (76.4%) answered that they thought the responsibility to conserve 
water lay with both the water company and the customer.
Page A-34
Decision-support for Sustainable Water Supply Management
EngD Portfolio Jason Coliins-Webb
When asked whether they would fit water saving devices in their home, the majority 
(76.4 %) answered that they would if they had an assistance grant, but not if they had to 
pay for them themselves. Roughly equal proportion of respondents answered yes and 
no to the question of whether they would be willing to pay more for using water for 
non-essential uses, but 82.3% were prepared to accept a capping limit on the amount of 
water they used based on a base level need and pay a higher rate for water above that 
level. Most people (70.6 %) also felt that water recycling and reuse were acceptable 
measures to help reduce water consumption. Of the question which asked the 
respondents to tick two statements that they most agreed with, 58.8 % answered either 
with B and D or with B and F in equal proportions. Statement B related to conserving 
water on environmental grounds, statement D to the social responsibility of saving 
water, and statement F to treating water like any other utility such as gas or electricity. 
This split roughly equates to socio-metric classifications of socialist environmentalists 
and capitalist environmentalists. Of the remaining 7 respondents, 4 showed more 
extreme capitalist characteristics as indicated by answering either A and B or A and F 
(see Appendix 1 for questionnaire). x
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2 Goring Survey
A Survey of Domestic Water Use in Goring-on-Thames -  A
Preliminary Analysis
Jason Webb 
17 November 1998
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Goring Survey -  Preliminary Analysis
Introduction
This is an initial analysis of a domestic water use survey conducted in Goring- 
upon-Thames by Jason Webb between March 17 and April 17. The analysis 
uses relatively simple techniques to extract some basic statistics. However, 
further analysis could yield more information as could further studies and 
embellished data.
S tage  1: sum m ary sta tistics
Firstly, the data was analysed to produce summary statistics. The complete 
listing of this is in section 1 of the annex. Selected statistics are summarised 
below.
For Goring (total population = 2645) as a whole:
• Mean & modal income bands (exact figures were not requested)
X £15-25,000, Mo £25-40,000
• Mean & modal property value band £120-180,000
• Mean water bill £260 per annum, SD £112
• Mean electricity bill £400 per annum, SD £204
• Mean estimated water use (per household)
2.8 m3 per week, SD 1.9 m3 (based 
on average figures for use by function 
provided by Thames Water [See table 1])
The breakdown of water uses in the summer and the rest of the year are shown 
in figures 1 and 2.
□  shower□  9% □  9%
□  bath□ 20%
□  32% □  toilet
□  washing machine
■  dishwasher
□  hosepipe (summer)
□ 17% lawnsprinkler
(summer)■  3%
□ 10%
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Figure 1 Breakdown of average estimated water uses (summer)
□  0 .5 %
□  sh o w er
□  bath
□  toilet
□  w a sh in g  m ach in e  
■  d ish w a sh er
□  h o se p ip e  (non-sum m er)
Figure 2 Breakdown of average estimated water uses (non-summer)
Note that during the summer, 32% of use results from hosepipe use (53% of 
respondents said they used a hosepipe during the summer) and 37% results 
from toilet and bath use, whilst the rest of^the year, toilet and bath use accounts 
for 62% (though these proportions are estimates only based on respondents’ 
own ideas of their consumption).
Function Volume per use 
(average)
Shower 45 litres
Bath 110 litres
Toilet 7.5 litres
Washing machine 80 litres
Dishwasher 30 litres
Plosepipe / lawn sprinkler 500 litres per hour
Potable uses t 8 litres per day
Table 1 Water volumes of uses by function (Thames Water publicity, 1997 except for t
WRc, 1986)
S tage 2: correlation analysis
A correlation analysis using a Spearman’s Rank Correlation matrix was applied 
between the main demographic variables and the remaining sections of the 
questionnaire. The matrices are listed in section 2 of the annex. From this
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correlation analysis, the most significantly correlated variables (those with a p 
value higher than 0.2 were noted and those above about 0.35 were treated as  
good - in the normal treatment of correlation coefficients, a value of ~ 0.7 is 
usually treated as good, but since sociological survey results rarely yield 
correlations higher than about 0.6, the context dictates that lower threshold 
values have been chosen) were selected to ascertain the most likely variables 
for modelling either by m eans of regression analysis or otherwise.
Firstly the demographic variables were correlated. Of these, income w as found 
to correlate well with the number of adults and social status (using official 
classification as defined by the ESRC). The number of beds in the property 
correlated to the property type and the property value w as correlated well with 
income and the number of beds. B ecause of th ese correlations, th ese variables 
can be combined to provide an overall affluence measure. Affluence was 
com posed using income, social status and property value (since bed numbers 
are a good indication of property value so  can be ignored, and number of 
occupants needs to be kept separate for other m easures).
Surprisingly the annual water bill did not correlate well to any demographic 
variable, and only marginally to property value which water rates are 
supposedly based on. The annual electricity bill was reasonably correlated to 
the number of adults and marginally to property value. The total estimated 
water u se w as well correlated to the number of adults and children, income and, 
perhaps interestingly, the electricity bill. It w as also marginally correlated to 
social status, the number of beds, property value and the water bill (though 
probably not highly enough to be significant or useful in a predictive sen se).
Stage3: interpretation
Interpretation of the results was based around the following questions, though 
more information may be interpreted at a later stage.
1) Who are the most significant groups of households using a lot of water?
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• Large affluent households use more water (i.e. more people in the property, 
higher income, higher property value, usually houses). Affluence score is 
comprised of income, property value and social status. There w as a 
marginal correlation between households with a higher income and those  
that use hosepipes during the summer.
• Water bills do not closely correlate to water use or affluence, but weakly to 
property value - This factor may orient perceptions about the level of service 
and hence water use, and may affect viability of financial instruments for 
demand management. It may also be used to justify metering.
2) What percentage of the households is likely to react to non-monetary 
encouragement to save water? What are the likely percentage savings in 
water use in Goring as a whole?
• There is a low correlation between people who agree (or disagree) with 
water recycling, and those that agree with stepped water charging and water 
metering (spearman’s p ~ 0.25). There is little or no correlation between  
affluence, number of occupants or water use and attitudes towards metering 
or charging system s. 72% of respondents thought that water recycling was 
acceptable, but only 46% were prepared to use wastewater to water the 
garden (approximately 10% less than the percentage using hose pipes 
during the summer). 15% were prepared to install water butts, and 17% to 
look for and repair leaks (though this does not account for properties where 
there are no leaks). 22% were prepared to do four or more of the 
suggestions in Q 13a and 89% were prepared to do a least one. Again 89% 
were willing to fit at least one of the water saving devices suggested  in Q13b 
and 6 percent were willing to consider a dry toilet. 53% were willing to fit at 
least two of the suggestions, the most popular being options a and c (low 
flush toilet and water efficient washing appliances) at 22%. 33% were 
prepared to do at least 3 or more of the suggestions in Q 13a and fit 2 or 
more of the water saving devices in Q13b.
• Those households using the most water are less likely to encourage others 
to save water
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• Those households with large electricity bills are more likely to complain to 
the water company about having to conserve water (probably because they 
are larger, more affluent households and may have more appliances) and 
are less  likely to look for and repair leaks (this could be spurious).
3) What types of household are likely to accept water metering voluntarily? 
What is the likely saving in water use in Goring as a whole?
• Of those not currently fitted with meters (69% of the sample) 58% were 
willing to have a meter fitted (in other words, 40% of respondents said they 
would voluntarily accept metering).
• There is a marginal correlation that those households with a larger electricity 
bill are less  likely to accept water metering, but the margin of error is large 
(spearman’s  p ~ 0.2). If 58% of the currently un-metered sam ple of Goring 
(40% of total sample) were to voluntarily accept metering, extrapolating and 
based on savings of 15% per household over non-metered consumption 
(20% in Canada [Environment Canada web site 
http://www.doe.ca/water/en/manage/effic/e_meter.htm]), the savings to Goring as a 
whole would be around 6%.
4) What type and number of households is likely to take up an assistance grant 
towards installing low water use appliances? What is the expected 
percentage saving in water use from this?
• There is good correlation between income and installing water saving (WS) 
devices, i.e. lower income households are less likely to fit W S devices. 
However, the correlation between accepting a grant to fit W S devices and 
income is much lower and not conclusive. There is a negative correlation 
between fitting WS devices with and without a grant, but it is marginal (in 
other words those households less likely to fit WS devices without a grant 
are more likely to with the grant but this is not a certain relationship).
• In percentage terms, 18% were willing to fit water saving devices without an
incentive grant, whilst 72% were willing to fit devices with an assistance
grant. If that 72% were to install low flush or dual flush toilets with a grant,
the savings in water terms could be around 4% in the summer and 6%
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during the rest of the year (based on a reduction per flush from an average 
of 7.5 I to 5 I).
5) What type and number of households are likely to recycle greywater for 
flushing and garden use? What are the projected water savings and losses 
in return flows?
• When asked whether greywater recycling is acceptable, 73% felt it was, with 
only 11 % disagreeing and 16% unsure (see  table and graph 12 VIII in the 
Annex). There w as a marginal correlation between those households that 
pay a higher water bill (p= 0.22) and/ or have a lower income (p= -0 .2 8 ) and 
those less agreeable with greywater recycling. When asked directly whether 
they would use washing wastewater to water the garden, 46% of the sample 
said they would, but this does not account for those without gardens, or 
those that don’t regularly water the garden anyway. If we assum ed that the 
53% that use a hose pipe in the summer own a garden and regularly water it 
are the sam e people with whom greywater recycling is acceptable, this 
would mean that 87% of garden owners would be prepared to use greywater 
to water the garden. If this meant installing water butts to take diverted 
outflow from the bath/shower and bathroom sink, this could represent a 
summer water saving of 15% overall (assuming complete substitution of 
greywater for hosepipe use during the summer), with an associated loss of 
return flow of 13.5%. At other periods in the year, wastewater recycling for 
garden use would reduce to practically nil.
6) What types and number of households is likely to accept a stepped water 
charge system with meters based on a) average water use and b) 
household size, and what is the likely saving?
• There was a reasonable correlation between households that would be 
willing to accept water metering and agree with stepped charging. There 
w as also a weak correlation between those that agreed with stepped  
charging and agree with paying more for non-essential u ses. There were no 
other obvious correlations.
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• The percentage agreeing with stepped charging w as 56 %, those unsure 
were 16% leaving 28% who disagreed with the idea. In terms of which 
method of establishing the base rate, householders that accept water 
metering are more likely to want the base rate dependant on number of 
people in the household, whilst the people more likely to want the base rate 
dependant on a local average figure are those with a  higher property value.
• 59 % agreed with base rates dependant on number of people in the. 
property, 10 % were unsure leaving 31% against. Conversely, only 30% 
believed that the base rate should be based on a local average, 12% were 
unsure and 58% were against the suggestion. Assuming a base rate with a 
base volume limit dependant on household size w as used, this would have 
the effect of helping large families regardless of income. Tying it to property 
value or income would help e a se  the burden on larger lower income families 
whilst being fair to smaller households too.
7) What is an acceptable definition of ‘essential base water use ' in various 
types of households ?
• When asked how the base level charge should be set for stepped charging, 
59% thought it should be set according to the number of people in the 
household as opposed to 30% who thought it should be based on a  local 
average. If set on household size, it is clear that from previous answers, 
hosepipe use is seen  as non-essential and can be substituted with 
greywater recycling system s, thus reducing the minimum demand by 32% 
for half the households (16% for all).
• There has been shown to be a minimum requirement of about 9 litres per 
household per day for potable u ses, largely irrespective of household size  
(WRC, 1986), and water used for non-potable u ses is dependant on 
household size. The average weekly per capita consumption is 894 litres 
but the values range from 150 to 3150 with a standard deviation of 602. 
This does not indicate whether a single fixed base rate is acceptable or 
whether an adjusted one would be more appropriate. It d oes however
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suggest that the majority (83.1%) of the population can currently cope with 
1400 litres or less per week per capita.
8) What is the likely effect of gradual upgrading of the efficiency of household 
washing appliances? - in terms of water use?
• As yet this information is difficult to ascertain without further data since there 
is no way of accounting for the current water use efficiency of appliances 
used and the likely improvement of newer appliances. Also, the upgrading 
would be gradual, and therefore the changes would probably be 
imperceptible even over a number of years.
9) What is the likely value of water saving devices and services bought by 
Goring residents as a result of the above measures?
•  S e e  above 
Preliminary Conclusions
In summary, the main points brought out by this report are as follows;
•  Large affluent households use the most water and are most likely to 
complain about their water bill and level of service.
•  Water bills do not correlate with water use.
•  Just over half of the currently unmetered households would voluntarily 
accept metering (with an estimated saving of 6% for Goring as a whole).
•  18% were willing to fit water saving devices without an incentive grant if 
pushed (mainly the larger, more affluent households), and 72% were willing 
to fit them with an assistance grant. If that 72% fitted low flush toilets, a 
saving of 4% could be made during the summer.
•  72% thought that greywater recycling for garden u ses and toilet flushing is 
acceptable. If all bathroom greywater w as recycled for garden use during 
the summer amongst this 72%, a saving of 15% could be achieved with an 
associated loss of return flow of 13.5%.
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•  Metered households (or those who would agree to be metered) tended to 
agree to stepped charging (56%) with the base volume related to household 
occupancy number rather than property value.
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Summary Statistics 
Section 1 Descriptives
Descriptive Statistics
N R ange M ean Std. Variance S kew ness
ADLTS 72 3.00 1.8750 .5551 .308 .45
CHLDRN 72 4.00 1.3194 .7086 .502 1.89
S S 72 5.00 3.3750 1.7717 3.139 -.37-
INC 72 6.00 3.3056 1.7733 3.145 -.18
PROPTYPE 72 4.00 1.5278 1.2668 1.605 2.33
BEDS 72 3.00 3.1250 .8038 .646 -.40
OWN 72 3.00 1.1250 .5551 .308 4.63
PROPVAL 72 5.00 4.0278 1.1129 1.239 -.18.
SEW ER 71 1.00 1.0845 .2801 7.847E-02 3.05.
METER 72 1.00 1.7639 .4277 .183 -1.26
METERVOL 70 160.00 9.9000 28.8495 832.294 3.44
WATRBILL 60 475.00 260.8500 113.0728 12785.452 .39
ELECBILL 64 1114.00 400.4844 205.4466 42208.317 2.02
AFFLUENC 72 13.00 3.9583 3.6053 12.998 .19
Valid N (listwise) 57
Frequency Tables
PROPVAL
F requ ency Percent V a lid  P ercent
C u m u lative
P ercent
Va lid 1 .00 1 1.4 1 .4 1 .4
2 .0 0 5 6 .9 6 .9 8 .3
3 .0 0 15 2 0 .8 2 0 .8 2 9 .2
4 .0 0 2 8 3 8 .9 3 8 .9 68.1
5 .0 0 16 2 2 .2 2 2 .2 9 0 .3
6 .0 0 7 9 .7 9 .7 1 0 0 .0
Total 7 2 10 0 .0 1 0 0 .0
METER
C u m u la tiv e
F re q u e n c y P e rc e n t V a lid  P e rc e n t P e rc e n t
V a lid 1 .0 0 17 2 3 .6 2 3 .6 2 3 .6
2 .0 0 5 5 7 6 .4 7 6 .4 1 0 0 .0
T o ta l 7 2 1 0 0 .0 1 0 0 .0
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WATVAL
F req u en cy P ercent V a lid  P ercent
C u m u lative
P ercent
Va lid .0 0 5 6 .9 6 .9 6 .9
1 .0 0 2 5 3 4 .7 3 4 .7 4 1 .7
2 .0 0 16 2 2 .2 2 2 .2 6 3 .9
3 .0 0 2 4 3 3 .3 3 3 .3 9 7 .2
4 .0 0 1 1 .4 1 .4 9 8 .6
5 .0 0 1 1 .4 1 .4 10 0 .0
T o ta l 7 2 1 0 0 .0 1 0 0 .0
V30 11IA
F req u en cy P ercent V a lid  P ercent
C u m u lative
P ercent
Va lid 1 .0 0 4 0 5 5 .6 5 5 .6 5 5 .6
2 .0 0 15 2 0 .8 2 0 .8 7 6 .4
3 .0 0 10 13 .9 13 .9 9 0 .3
4 .0 0 4 5 .6 5 .6 9 5 .8
5 .0 0 3 4 .2 4 .2 10 0 .0
Total 7 2 10 0 .0 100 .0
V31 11 IB
F re q u e n c y P e rc e n t V a lid  P e rc e n t
C u m u la tiv e
P e rc e n t
V a lid 1 .0 0 4 2 5 8 .3 5 8 .3 5 8 .3
2 .0 0 18 2 5 .0 2 5 .0 8 3 .3
3 .0 0 9 1 2 .5 1 2 .5 9 5 .8
4 .0 0 2 2 .8 2 .8 9 8 .6
5 .0 0 1 1 .4 1 .4 1 0 0 .0
T o ta l 7 2 1 0 0 .0 1 0 0 .0
V32 11IC
F requ ency P ercent V a lid  P ercent
C u m u lative
P ercent
V a lid .00 1 1.4 1.4 1 .4
1 .0 0 2 0 2 7 .8 2 7 .8 2 9 .2
2 .0 0 14 19 .4 1 9 .4 4 8 .6
3 .0 0 19 2 6 .4 2 6 .4 7 5 .0
4 .0 0 5 6 .9 6 .9 8 1 .9
5 .0 0 13 18.1 18.1 1 0 0 .0
Total 7 2 1 0 0 .0 1 0 0 .0
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V33 11 ID
F req u en cy P ercent V a lid  P ercent
C u m u lative
P e rc en t
Va lid 1 .0 0 4 8 6 6 .7 6 6 .7 6 6 .7
2 .0 0 14 1 9 .4 1 9 .4 86.1
3 .0 0 8 11.1 11.1 9 7 .2
4 .0 0 1 1.4 1 .4 9 8 .6
5 .0 0 1 1 .4 1.4 1 0 0 .0
T otal 7 2 1 0 0 .0 1 0 0 .0
V34 11 IE
F req u en cy P ercent V a lid  P ercent
C u m u la tive
P e rc en t
Va lid 1 .00 7 9 .7 9 .7 9 .7
2 .0 0 6 8 .3 8 .3 18.1
3 .0 0 16 2 2 .2 2 2 .2 4 0 .3
4 .0 0 10 13 .9 13 .9 5 4 .2
5 .0 0 3 3 4 5 .8 4 5 .8 100 .0
Total 7 2 100 .0 100 .0
V35 11 IF
F req u en cy P ercent Va lid  P ercent
C u m u la tive
P ercent
Va lid 1 .00 2 8 3 8 .9 3 8 .9 3 8 .9
2 .0 0 16 2 2 .2 2 2 .2 61.1
3 .0 0 12 16 .7 16 .7 7 7 .8
4 .0 0 7 9 .7 9 .7 8 7 .5
5 .0 0 9 12 .5 12 .5 1 0 0 .0
Total 7 2 1 0 0 .0 100 .0
V36 11IG
F req u en cy P ercent V a lid  P ercent
C u m u la tive
P ercent
Va lid .00 2 2 .8 2 .8 2 .8
1 .00 12 1 6 .7 1 6 .7 1 9 .4
2 .0 0 2 2 3 0 .6 3 0 .6 5 0 .0
3 .0 0 2 5 3 4 .7 3 4 .7 8 4 .7
4 .0 0 8 11.1 11.1 9 5 .8
5 .0 0 3 4 .2 4 .2 1 0 0 .0
T o ta l 7 2 10 0 .0 1 0 0 .0
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V37 1111
F req u en cy P ercent V a lid  P ercent
C u m u lative
P ercent
V a lid 1 .0 0 18 2 5 .0 2 5 .0 2 5 .0
2 .0 0 10 13 .9 1 3 .9 3 8 .9
3 .0 0 3 5 4 8 .6 4 8 .6 8 7 .5
4 .0 0 7 9 .7 9 .7 9 7 .2
5 .0 0 2 2 .8 2 .8 1 0 0 .0
T otal 7 2 1 0 0 .0 10 0 .0
V38 121IIA
F re q u e n c y P e rc e n t V a lid  P e rc e n t
C u m u la tiv e
P e rc e n t
V a lid 1 .0 0 13 18.1 1 8 .3 1 8 .3
2 .0 0 5 8 8 0 .6 8 1 .7 1 0 0 .0
T o ta l 71 9 8 .6 1 0 0 .0
M iss in g S y ste m 1 1 .4
T o ta l 7 2 1 0 0 .0
V39 12IIIB
F re q u e n c y P e rc e n t V a lid  P e rc e n t
C u m u la tiv e
P e rc e n t
V a lid 1 .0 0 5 2 7 2 .2 7 4 .3 7 4 .3
2 .0 0 18 2 5 .0 2 5 .7 1 0 0 .0
T o ta l 7 0 9 7 .2 1 0 0 .0
M iss ing S y ste m 2 2 .8
T o ta l 7 2 1 0 0 .0
V40 121V
F re q u e n c y P e rc e n t V a lid  P e rc e n t
C u m u la tiv e
P e rc e n t
V a lid 1 .0 0 2 9 4 0 .3 5 8 .0 5 8 .0
2 .0 0 21 2 9 .2 4 2 .0 1 0 0 .0
T o ta l 5 0 6 9 .4 1 0 0 .0
M iss in g S y ste m 2 2 3 0 .6
T o ta l 7 2 1 0 0 .0
V41 12V
F req u en cy P ercent V a lid  P ercent
C u m u lative
P ercent
V a lid .00 1 1 .4 1.4 1 .4
1 .0 0 5 6 .9 6 .9 8 .3
2 .0 0 15 2 0 .8 2 0 .8 2 9 .2
3 .0 0 18 2 5 .0 2 5 .0 5 4 .2
4 .0 0 14 19 .4 19 .4 7 3 .6
5 .0 0 19 2 6 .4 2 6 .4 1 0 0 .0
Total 7 2 1 0 0 .0 1 0 0 .0
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V42 12 VI
F req u en cy P ercent V a lid  P ercent
C u m u lative
P ercent
Va lid 1 .0 0 16 2 2 .2 2 2 .2 2 2 .2
2 .0 0 2 4 3 3 .3 3 3 .3 5 5 .6
3 .0 0 12 1 6 .7 1 6 .7 7 2 .2
4 .0 0 7 9 .7 9 .7 8 1 .9
5 .0 0 13 18.1 18.1 1 0 0 .0
To ta l 7 2 1 0 0 .0 1 0 0 .0
V43 12VIIA
F req u en cy P ercent V a lid  P ercent
C u m u la tive
P ercent
V a lid .0 0 1 1 .4 1 .4 1 .4
1 .00 2 9 4 0 .3 4 0 .3 4 1 .7
2 .0 0 12 1 6 .7 1 6 .7 5 8 .3
3 .0 0 8 11.1 11.1 6 9 .4
4 .0 0 5 6 .9 6 .9 7 6 .4
5 .0 0 17 2 3 .6 2 3 .6 1 0 0 .0
To ta l 7 2 100 .0 1 0 0 .0
V44 12VIIB
F req u en cy P e rc en t V a lid  P ercent
C u m u lative
P e rc en t
Valid .00 1 1.4 1.4 1 .4
1 .00 13 18.1 18.1 1 9 .4
2 .0 0 7 9 .7 9 .7 2 9 .2
3 .0 0 9 12 .5 12 .5 4 1 .7
4 .0 0 12 1 6 .7 1 6 .7 5 8 .3
5 .0 0 3 0 4 1 .7 4 1 .7 1 0 0 .0
Total 7 2 1 0 0 .0 1 0 0 .0
V45 12VIII
F req u en cy P ercent V a lid  P ercent
C u m u la tive
P e rc en t
Va lid 1 .00 3 6 5 0 .0 5 0 .0 5 0 .0
2 .0 0 16 2 2 .2 2 2 .2 7 2 .2
3 .0 0 12 1 6 .7 1 6 .7 8 8 .9
4 .0 0 2 2 .8 2 .8 9 1 .7
5 .0 0 6 8 .3 8 .3 1 0 0 .0
Total 7 2 10 0 .0 1 0 0 .0
V48 13C
F re q u e n c y P e rc e n t V a lid  P e rc e n t
C u m u la tiv e
P e rc e n t
V a lid 1 .0 0 12 1 6 .7 1 6 .7 1 6 .7
2 .0 0 6 0 8 3 .3 8 3 .3 1 0 0 .0
T o ta l 7 2 1 0 0 .0 1 0 0 .0
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V49 13D
F re q u e n c y P e rc e n t V a lid  P e rc e n t
C u m u la tiv e
P e rc e n t
V a lid 1 .0 0 3 3 4 5 .8 4 5 .8 4 5 .8
2 .0 0 3 9 5 4 .2 5 4 .2 1 0 0 .0
T o ta l 7 2 1 0 0 .0 1 0 0 .0
V50 13E
F re q u e n c y P e rc e n t V a lid  P e rc e n t
C u m u la tiv e
P e rc e n t
V a lid 1 .0 0 11 1 5 .3 1 5 .3 15 .3
2 .0 0 61 8 4 .7 8 4 .7 1 0 0 .0
T o ta l 7 2 1 0 0 .0 1 0 0 .0
V51 13F
F re q u e n c y P e rc e n t V a lid  P e rc e n t
C u m u la tiv e
P e rc e n t
V a lid 1 .0 0 5 2 7 2 .2 7 2 .2 7 2 .2
2 .0 0 2 0 2 7 .8 2 7 .8 1 0 0 .0
To ta l 7 2 1 0 0 .0 1 0 0 .0
PROPVAL METER
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Decision-support for Sustainable Water Supply Management
EngD Portfolio Jason Coliins-Webb
An explanation of a Data Evaluation Process as applied to the Goring data
/ r \ (  \
Data Collection - Data encoding -
Correlation
analysis
V V v  7
Selection of 
critical variables
Certainty Factor _  
Data Adjustment
Key Group 
identification + 
statistics
Decision
Support
System
>  Data collection (Survey)
Data is collected via surveys which allow users to select answers based on simple scales 
or yes/no answers, thus restricting data boundary parameters.
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Storage of the data received in a database and/or spreadsheet for easy manipulation.
> Data encoding
Data is encoded in a way which is amenable to subsequent analysis and calculation.
E.g. Scale of 1-5 is encoded so that 1 becomes -0.5, 3 becomes 0, 5 becomes +0.5, and 
so on. For the subsequent calculation it is useful if the encoded data values lie between 
-1 and +1.
>  Correlation Matrix
Next, a Spearman Rank Correlation is performed, and significant/ semi-significant 
correlations are selected and attributed values that are used as multipliers for 
significance of correlated data values. E.g. +1 for significant positive correlation, +0.5 
for semi-significant positive correlation and so on.
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> Selection of critical variables
Each variable is relevant to a different aspect of demand and water use. Selection of 
appropriate variables according to information requirements is the next stage, i.e. which
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variables pertain to the question being studied? E.g. which variables tell us most about 
how people will behave in terms of water conservation? Select these for the next stage.
>  Application of Certainty Factorisation
This stage allows the variables that are correlated with the chosen critical variable to be 
used in adjusting the critical data values. This makes use of a technique as used by 
Shortliffe (1976) within the MYCIN medical expert system. Thus a more likely’ value 
is attained. This is done by treating the initial value of each critical variable as a 
certainty factor (i.e. a belief in the occurrence of a particular event/ action), and treating 
the product of non-zero correlation multipliers with the corresponding variable value in 
the data as the second certainty factor (i.e. supporting evidence for the first certainty 
factor). Use Certainty Factor (CF) calculations to develop a new combined CF.
If CF! & CF2 > 0, CFnew = CF!+(CF2 x (1-CFi));
If CF! & CF2 < 0, CFnew = CFi + (CF2 X (1+CFi));
Otherwise, CFnew = (CF,+CF2)/l-min(|CFi|,|CF2|)
Repeat iteratively but using the answer of each preceding calculation as the first 
certainty factor in each new calculation, thus creating a CF chain calculation.
>  Evaluation of key groups
Use cluster analysis or similar technique to identify useful group definitions for each 
critical variable and apply statistics.
>  EXAMPLE:
Goring Survey: We want to know how many people will voluntarily accept water 
metering. The data has been encoded and a correlation matrix has been developed.
From the raw data, 40% of the respondents said they would accept metering. The key 
question is 12 IV "If your property is not currently fitted with a water meter, would you 
be prepared to be metered voluntarily? (y/n)".
From the matrix, we see that correlated variables are questions are
• 10, How much do you value your water supply compared with your electricity 
supply? sliding scale, (1-5)
• 11 IB, Water resources should be protected on environmental grounds (sliding scale
1-5, 1 = agree, 5 = disagree)
• 1 HD, Careful use of water is a socially responsible thing to do
• 11IE, People have the right to use as much water as they want
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• 11EF, Water should be treated like any other utility such as gas or electricity and 
paid for according to the amount used.
• 11IG, Public water consumption is increasing at an unsustainable rate
• 1111, Who has the most responsibility to save water? (sliding scale 1 - 5 1 = water co, 
5 = customer)
• 12V, To help control water demand, would you be prepared to pay more for using 
water for non-essential uses such as garden watering or a power shower for 
example? (sliding scale 1-5, 1 = definitely yes, 5 = definitely no)
• 12VI, Alternatively, would you be prepared to pay for water at stepped rates 
depending on how much you use? (sliding scale 1-5, 1 = definitely yes, 5 = 
definitely no)
• 12VIIA, Assuming stepped charging rates were introduced, should the threshold 
volume at which the charge rate increases for the property be set according to the 
number of occupants in the property? (sliding scale 1-5, 1 = agree, 5 = disagree)
• 12VIII, Do you feel that water recycling and re-use are acceptable measures to help 
reduce water demand? (sliding scale 1-5, 1 = definitely yes, 5 = definitely no)
• 13G, Assuming you had to reduce your water consumption from the mains for one 
reason or another, which of the following actions would you take in your household? 
(tick as many as apply specifically to you and your own home) complain to the water 
company/ council/ newspaper about not being able to use as much water as you 
want.
Taking one sample as an example, the answer to question 12IV was no (assigned a
value of 0.5 due to encoding).
For the other correlated variables the answers are shown in the table below.
Q N o 10 11IB 11ID 11IE 11IF 11IG
Data value -0.25 -0.5 -0.5 0.5 0 0
Correlation
index
0 .50 0 .50 0 .50 -0 .50 1.00 1.00
product -0 .125 -0.25 -0 .25 -0.25 0 0
Q N o 1111 12V 12 VI 12 VIIA 12 VIII 13G
Data value -0.5 0.5 0.5 -0.5 -0.5 -0.5
Correlation
index
-1 .00 0 .50 1.00 0 .50 0 .50 0 .50
product 0.5 0.25 0.5 -0 .25 -0.25 -0 .25
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CFi=0.5, CF2=-0.125 CFnew= (0.5+(-0.125))/l-min(0.5,0.125) = 0.429
T
CFi=0.429, CF2=-0.25 CFnew= (0.429+(-0.25))/l-min(0.429,0.25) = 0.239
Etc.
CFfinai = 0.662, i.e. adjusted figure shows that this individual is more definitely likely to 
say no taking into account their other answers.
We apply CF chain rules to whole sample and obtain adjusted values for all answers to 
12IV. Statistical analysis shows the result is that now 39% of respondents are likely to 
accept water metering voluntarily (a decrease of 1%). Also, 21% are unlikely to accept 
water metering with 40% uncertain.
However, if we assume that the correlation of supporting questions in relation to the 
chosen critical question are correct, we may be overlooking spurious results. One way 
to filter this is to use only strong correlations, and then to look at the correlating 
questions and subjectively assess whether they are likely to be linked.
Taking the example question above, only four of the 12 correlating questions have 
strong association (a value of 1 or -1) with 12IV. These are 11IF, 11IG, 1 III and 12VI. 
Looking at each of these, 11IF is a likely to have strong association as it is to do with 
paying for water in a similar manner to other utilities, i.e. by meter. 11IG is to see if the 
user thinks that water consumption is increasing uncontrollably. If the answer to this is 
positive it is likely that the person would accept metering. 1 III relates to who has 
responsibility for saving water. Again, if the person errs towards the consumer having 
responsibility, it is likely that they would be in favour of metering in order to assess 
conservation measures and to raise the consciousness about water wastage. 12VI asks 
whether the person would be willing to pay for water on a stepped charging scheme 
depending on the quantities used, and of course to enable this to occur, metering must 
be in place. Of the remaining questions, 12V and 12VIIA are likely candidates for 
inclusion along side the strongly correlated ones as they are directly related to water 
metering. If we adjust the correlation multiplier matrix accordingly, the new results 
show that the percentage value for those who would be metered has dropped by 13% to
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26%. However, the value for those who would not want to be metered has dropped 
from 21% to 11% leaving 63% in the uncertain category. So by excluding the less 
strong correlations we end up with a more uncertain answer (at least with this particular 
variable). It is mostly difficult to tell whether a question relates to another and to judge 
which supporting variables to use within the calculation. However, a way around this 
would be to do two calculations, one with all the correlated variables in place, and the 
second with just the strongest correlated variables, and then compare the results. If 
there is no great dissimilarity (e.g. ± 10%) then it is better to use all correlated variables. 
If there is a significant dissimilarity, then weeding out individual variables would be the 
next stage as long as it was done with explicit reasoning. If there are no strong 
correlates for a particular critical variable, then it is best to use all variables and assess if 
the change to the original data value is significant enough to warrant application of the 
process.
It is also apparent that there is sensitivity to the chosen threshold at which correlations 
are considered ’strong’ or ’semi-strong’ and this can greatly affect the results, since it 
may alter the number and value of the influence matrix multipliers. In this example, 
threshold values have been chosen based on the range of values for the correlations and 
the typical spread. On the whole, correlations rarely exceed an Rs value of 0.4 to 0.5. 
There are far more correlation values of around 0.2, so it would seem reasonable to use 
a threshold of around 0.2 for weaker correlations and 0.35 or 0.4 for the strong ones.
Another sensitivity issue seems to be the data encoding. As a test, the encoding patterns 
for the data was altered to make it more logical, i.e. positive answers to questions being 
encoded with positive values where this was not the case previously. A new correlation 
was performed and a new influence matrix generated. The result of the new calculation 
showed that 36% were likely to answer positively to question 12IV, 21% negatively 
leaving 43% undecided. There is not much change here, but if again we use only the 
strong correlations, only 10% are positive, 24% negative and again a large uncertainty 
of 67%.
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A Critique of the CF method
Certainty Factors (CFs) were developed by Shortliffe and Buchanan in the mid 1970s as 
a means of managing uncertainty within a rule-based expert system for medical 
diagnosis. According to their own analysis of the approach, the CF method is based on 
an approximation for a Bayesian probability function. In 1984, they published the 
seminal "Rule based expert systems - The MYCIN experiments of the Stanford 
Heuristic Programming Project". Within this book, the explain in some detail the 
background and theory behind the CF method and their reasoning in its development. 
Later after certain flaws were discovered in the method and researchers moved on to 
newer things, Shortliffe and Heckerman wrote a paper in 1992 describing the move 
from CFs toward belief networks as a more flexible approach to uncertainty in 
knowledge management. One of the key features of the CF method is that it allows for 
the interpretation and combination of values given by experts to be non-absolute 
measures of belief.
CFs are attractive because they are mathematically simplistic. They allow measures of 
belief to be combined and in the context of expert systems this is desirable where 
uncertainty about rules in the knowledge base exists. However, the application within 
this particular scenario is somewhat removed from the intended application, and 
therefore it is difficult to say for sure whether it is an appropriate method or not since 
there are no other case studies by which to compare. At face value, there are several 
problems.
1. The method was designed for use with belief values assigned to statements upon 
which expert judgement was being asserted. In this scenario it is opinions and 
estimates of personal behaviour that are being sought.
2. The values used in MYCIN are continuous variables on a scale -1 to +1, whereas in 
this case we are using discrete values on a judgement scale, and in some cases a 
binary variable (yes/no answers) - there is no simple way of mapping discrete 
variables onto a continuous scale and back again. Also this can be misleading in 
terms of interpreting the statistics as there is a tendency for values to be adjusted
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into the middle band of values that don’t correspond with either positive or negative 
answers, thus increasing uncertainty about the results.
3. The CF method has only been shown to work in a few cases, for example in 
MYCIN and its descendant expert systems, and there are many examples where it 
has not worked.
4. The process acts as a smoothing function on the raw data by adjusting values in line 
with the general trends as indicated by the correlation analysis and may remove 
important details or spikes in the raw data.
5. Is it better to simply accept that some people might not behave in the way in which 
they say they will when it comes to actually implementing a scheme and simply take 
a worst case scenario approach or to try and find some kind of estimate that more 
closely approximates the real likely behavioural statistics?
The decision of whether to apply the method or not might depend on further analysis. 
As a next research step, it would be appropriate to identify groups within the data by 
way of some form of clustering. Currently, the most likely method of doing this 
appears to be through Latent Class Analysis (LCA) although this was not tested during 
this research, so this is conjecture. If indeed there are distinct groups within the data 
that are highlighted by such a method, and it is shown that the application of the CF 
method significantly changes the nature of these groups, it will warrant a deeper 
analysis. If not, then it may prove an unnecessary step.
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Appendix 5 Transcripts
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1 Questions fielded at Focus Group style interviews
Focus Group Questions
>  What are your views o f Thames Water in terms o f quality o f water supplied; quality o f service; value for 
money; provision of information.
>  Do you agree that every house should have a water meter fitted?
>  What would your reaction be if the price of water was doubled? What would you do on a practical level to 
cope?
>  If water resources are becoming scarce, should more storage be provided, and if so who should pay, and at 
what environmental cost?
>  Should environmental considerations in supplying clean water come above or below economic/ financial 
issues? If yes, why aren’t they, and what can be done to change this situation. If not, why not?
>  As a customer of a water company, do you feel you have enough say in how water is managed, and what 
would you do to change the current situation?
>  If the cost o f water was increased would you expect the onus for improving water use efficiency to be shifted 
more towards the water company, or does the customer have a responsibility to make changes in their 
lifestyle/ business/ activity in order to help achieve this?
> Controlling demand is one way of coping with problems of supply shortages, but if metering were to become 
widespread, it would not be in the water company’s interests in terms of profit to encourage reduced 
consumption - how can this be reconciled?
>  Is demand control an infringement of civil liberties?
>  Should it be a responsibility o f water companies or the Government to encourage appliance manufacturers to 
produce efficient water using devices?
>  Do you think technological fixes, such as low water use domestic appliances is the answer to water supply 
problems from a consumer point-of-view or is a culture shift necessary?
>  Many people are quick to blame the water companies for water wastage through leakage, but considering that 
10% of the leakage occurs on private property, shouldn’t the consumers clean up their act first?
>  Many water companies state that leakage could never economically be reduced to less than around 10% - 
should leakage be stopped at all costs, and would you be willing to share the cost.
>  What should the Government do to help the situation - direct intervention would probably result in tax 
increases, whilst regulation can result in higher bills to the consumer. Either way the consumer pays, is this 
right, and how else could infrastructure redevelopment be accomplished?
>  What would you do if your water supply was restricted in some way, for example for certain periods in the 
day, or during summer months (not just a hosepipe ban)? Do you think this is a reasonable course of action in 
the event of droughts/ supply problems?
>  Should the wealthier members o f the community be paying a higher unit cost for their water, especially if  
they own swimming pools, larger gardens, or more water-using appliances to help subsidise water supply for 
the poorer areas?
>  What would make you feel happier about the way water is managed currently, and given the opportunity, 
would you vote to have water supply nationalised again?
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2 Male Goring Residents focus group style interview
Interviewer= J
Member 1 =M1,  Member 2  = M2, Member 3 = M3, Member 4 = M4
J: I would like to ask your views on Thames Water. Firstly about the quality of water 
supplied - do you have any particular views on this?
M l: First of all my wife complains about the over chlorination of the water and I have 
noticed it certain days of the week - 1 haven’t made any notes on this but it definitely is 
chlorinated.
J: Do you think that this is a problem that needs to be addressed:
M l: Yes I do.
M2: I have similar complaints from my family, not from myself since I have a poor 
sense of taste and smell - I am perfectly happy with Thames Water but my wife and 
family say the water is over chlorinated and I did actually write to Thames Water about 
this but they said it wasn’t. My view is that it changed when the new pumping station 
came into operation and previously we had our own local well in my end of the village 
and obviously the water travelled a shorter distance and I suspect there was no need to 
put so much chlorine in to ensure good health. But once the big scheme came in and 
water was being pumped as far as Wallingford and Wantage they were looking at a 
different scale of problem and therefore more chlorine had to be put in, but that is just 
my suspicions.
M l: I would agree that there is less chlorination that a few years ago -
M3: Your saying the opposite to M2
M 2 :1 was saying I think it’s more chlorinated
M l: Oh, you’re saying it’s more?
M2: yes 
M l: Oh, sorry!
M4:1 can’t taste anything.. I can’t find anything wrong with the water I drink. It was fine 
for me
M3: Me to.
M4: We obviously have taste buds that are different.
J: Okay, From the quality of water what about the quality of service that you get?
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M3: Well, the water comes through the tap whenever I turn it. The only time I had a 
significant amount of service from them was when I had a water meter installed about 
two years ago - and I must say I was greatly impressed with the service then - I 
responded to an advert or a circular I think it was, and someone came round from 
Thames Water and talked to me about it, and explained what was involved and what the 
possible risks were - the main risk incidentally was a leak in the pipe between the water 
meter and my house, because I would be paying for all the water leaking to the garden - 
and the job was done within about two or three weeks from the initial interview and 
very efficiently from some contractor or other and ever since then I have been paying 
rather less than half than what I was paying before. I am greatly pleased with Thames 
Water.
M l: I would second that.
M4: I would third that, because I have a very similar set of circumstances and the cost 
now is, as you say, about a third of what we had to pay.
M2: I also have a water meter, but it was installed about 10 years ago when they first 
came in, and at that time they looked at the plumbing and it was installed in the kitchen, 
so if it leaks between the road and the kitchen - 1 don’t pay for the extra water. But in 
terms of service I am generally happy with the
service, apart from a general comment of all utilities that is they’re tremendously 
wasteful of having different meter readers coming down the road, sometimes within a 
day or two of each other - whereas if there was a meter reading service, i.e. one person 
reading the gas, electricity and water meters all at the same time there would be 
tremendous economies - that is why, I suspect, that the gas electricity and water 
companies are joining up in various combinations because a lot of the economies are in 
reading meters. There are much more advanced way this could be done, like remote 
reading. The extraordinary system at the moment when you don’t know how much 
you’re spending on the telephone because essentially the ’telephone meter’ is at the 
exchange, whereas you do know gas water and electricity but they have to come and 
find out from you - it would be quite possible to have a system, I mean 10 or 20 years 
ago it was possible to record directly or give you a readout on a meter somewhere else 
and I believe that system has been advanced. I believe the French have much more 
sophisticated system.
J: So we are all metered then?
Everyone: Yes.
J: That’s quite good actually because it has answered one of my later questions.
M 3 :1 do wonder, if we are all paying less than half - 1 suspect that we’re still only in the 
minority but when we are all metered, obviously we will have to start paying more 
aren’t we because at the moment Thames Water must be suffering from a bit of a 
shortage of cash -
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M4: Well except that I do use now I’m sure less water now that I ’m metered than I did, I 
don’t water the garden anything like as much as I used to and I think its criminal to put 
drinking water on lawns but that’s another story.
J: Is that because you’ve got the idea that you have a meter in the back of your mind 
you think that no I mustn’t waste water -
M4: Absolutely.
J: So before you had a meter you wouldn’t have worried then?
M4: I did, but I didn’t worry so much. I still worried that if I was watering the lawn, 
which I seldom did, I was saying to myself how wasteful that is of water that’s drinking 
water and the poor little kids in Bangladesh haven’t got any -
M3: Well they have too much at the moment!
M4: well - not drinking water.
M l: Since I have been metered, I have installed an extra water butt because I use a lot 
of water in the garden but it’s very noticeable that the meter reading in the summer is 
roughly the same and whilst we probably save half the original pre-metering days, in the 
summer it goes well and truly up, though I can’t say exactly by what.
M 2 :1 didn’t start consciously to try to save water when we had the meter put in because 
I had already calculated I would save cash even if I carried on the same - but I also 
happen to be interested in gadgets and also personally interested in water and my 
background isn’t only ex-HRS, I was also a researcher for the Building Research 
Establishment for 9 years and they have a plumbing department and I was concerned 
with assessing the research they had done on water saving devices - as a result I heard 
about a device that weren’t publicly known and they trained me to install the water 
saving BRE device which is no longer used but is a way of cutting down water used to 
flush the loo - and I now have hippos in both loos.
J: Do you find that the hippo does work - People comment that although they have had 
them installed the inefficiency of flushing actually means you have to flush twice
M2: Sometimes you do, and its only a crude way to save water - 1 mean there are toilets 
designed in Italy that use less than 4 litres of water due to the bowl. The manufacturing 
industry in this country is loathe to alter the design of the loo and I was at the Dept of 
Environment at the time the Government was trying to press the industry into agreeing a 
new lower threshold in the building regulations and the industry was still somewhat old 
fashioned and still a lot of hand finishing and so on and they weren’t at all keen. They 
threatened a campaign less flush more brush’, but the politicians of the day weren’t 
strong minded enough to say go ahead with it - you can imagine why! It was not an 
issue of great public concern so the compromise at the time was to drop from 9 to 71/2 
litre cisterns when they could easily have gone to 6 knowing that at that time the 
Swedish had gone down to 4. So there is a lot of politics in it but I do agree coming
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back to the campaign we do need more flush, sorry, sometimes more flush, certainly 
more brush; such a toilet gets more staining after a week, say, than there is for a full 
flush.
J: Has anyone else got any comments?
M l: When I was housing architect for Bracknell New Town, we carried out on behalf 
of the DoE about a year’s experiment with different appliances. I retired before we had 
any results from this, but in my experience generally as an architect I’ve always felt 
water companies have been too stringent on, shall 
we say, safety measures which on the continent are accepted as quite ok.
M4: Are you referring to the fact regulations in this country say you must have a cistern 
and not have a direct supply on a time basis- because that was something which I feel 
could be of some saving. This is a system where you don’t have a cistern, you save 
space and you have a direct supply of mains water 
for 3 ,4  6 seconds
J: Time based, rather than volume based.
M4: Yes. Very much so.
M3: I put in an extra bathroom about 10 years ago the cistern we have there is a choice 
of flush, just press the thing down and leave it down slightly for 1/2 flush, down longer 
for full flush - that is a useful device.
M2: That came in with one set of building regulations and then it went out again 3 or 4 
years ago, because I had a new in that time with dual flush and they are now illegal 
again.
M l: We have had a new cistern put in recently the same applies there, this is a single 
flush.
M3: I don’t have to tale mine out again do I?
M2: No (laughs)
M4: When you think that you only pee a cupful and then you use half a gallon to flush it 
away, there’s something wrong.
J: There are radical alternatives for instance dry toilets - would/ have any of you 
considered fitting a dry toilet?
M l: Well, as an architect one might under certain circumstances if the toilet is remote 
from the general plumbing system
M3: What do you mean by a dry toilet? As in a caravan?
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J: They basically work by composting waste rather than flushing it away. And you end 
up with a useful bi-product. Usually in a separate container - they seem to be used in 
houses with basements - so that may be a restriction
M2: And presumably all the plumbing has to be at one end of the house. It would have 
to not go where the original bathroom was because all the plumbing would be above the 
kitchen, so you’ve got horizontal pipes and you’d need macerators...
M4: Not such a brilliant idea then ..
J: No - I’ve seen it in one or two peoples houses on TV - it would be a case of having 
the right configuration
M2: It probably must need damping or spouting though (to flush), I know how little 
water you can perhaps manage with.
M4: Like what you find in narrow boats; after a week of that though it is quite nice to 
get back to civilisation.
J: Okay, lets bring it back to the water service. What about value for money? You’ve 
all said that you have saved money, but do you still feel you get value for money?
M4: Simple answer, yes I think so.
M3: I was feeling, because we pay for water and sewerage in one bill, and I was feeling 
that my combined bill was well over a £1,000 - that's a lot of money, now it has come to 
under £5001 feel quite good about it - 1 couldn't expect anything lower.
M4: Its difficult to judge, but it was perhaps expensive prior to the flattened rate value 
rateable value.
M3: Yes, I'm not sure whether it was council tax, or assessment or old assessment. I 
have a reasonably large house, only two living in it now, we wont get good value for 
money out of it now for our water bill.
M2: Its very difficult to judge value for money, partly because I have a professional 
background and know how valuable water is in all sorts of other places, so in that 
respect yes we do get value for money, but there are some people who expect water to 
be free or almost free and therefore feel that the 
bills have gone up a lot.
J: Okay so you think generally that water is good value for money. What about 
provision of information from Thames Waters, do they publish enough information 
about their service or do you think they could do more to help you?
M4: They sent information that I'm afraid I forget to read.
M l: My comment would be the same.
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M2: They send information about prices. If you go to a local show you often find them 
there advertising their wares and giving advice.
M3: I ’m not aware of a great deal of information at all. What are we billed, six monthly 
I think. That would be the only occasion I would be likely to hear from them.
M4: You don’t pay monthly direct debit then which is somewhat cheaper.
M 3 :1 haven’t done that no.
J: Since you have all got water meters fitted do you think every household should have 
one.
Everyone: Yes.
M3: No, selfishly
M4: Why do you say that?
M3: Well, because the people who haven’t got meters are subsidising me to some 
extent.
M4: Couldn’t you make the argument that everyone should have a water meter because 
we all have gas meters, we all have electricity meters and telephone meters - what’s the 
difference?
M3: Well - we all ought to have water meters to make us more conscious of saving 
water.
Everyone: Yes. As a way of saving water.
M 2 :1 agree with that. I’m aware that there is a cost involved with putting water meters 
in. The last government and current government have this policy that any new house 
built will have a water meter fitted and I think that’s a good policy and despite certain 
doubts that I’ve partly expressed before, the
policy probably is in fact encouraging other people to get a water meter fitted. I just 
think the charging system should be much more sophisticated. We should pay far more 
for water in the summer than winter. Maybe even time of day could be relevant but 
perhaps that affects the operation of the system. I also agree that charging could be 
based on minimum quantities based on health grounds, thereafter charging a higher rate.
J: So what would your reactions be to say if Thames Water were to say they can’t 
afford to supply water with prices at the moment, we will have to double it. What 
reaction would you give to that, and what actions?
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M4: I would have to accept it, and probably use less water. I don’t know how one 
would use less water, but one would try to. It’s an essential commodity so you can’t do 
without it.
M l: I think I would have to accept the price. But request breakdown of all the costs of 
various activities.
M2: I think I would probably accept it - and if it effected my overall income and 
expenditure balance then I would look to save in other areas.
M3: At the moment I don’t think we are using any water that we needn’t use. I suppose 
we could refrain from flushing the loo after doing a pee! In some countries they do that 
now I believe.
J: My sister in law is from New York - they use a phrase "if is yellow let it mellow, if 
its brown flush it down".
M4: That’s not what my wife tells me - You’ve forgotten to flush the loo again! 
(laughter)
J: What to you think the reaction in the community as a whole though?
M3: Indignation I suppose. Yes.
J: You all have an understanding of the water industry.
M2: Yes. But we are not at all typical.
J: No I realise this, but you also interact with other members of the community. You 
might know what sort of reaction might be expected.
M l: I mean a lot of people think water should be free when it comes to it but I don’t 
think that’s a good reaction, but it’s changing., changeable, though I think most people 
don’t think about what happens to the water before it reaches the tap.
M3: I think a lot of people would say, that if they could stop leaks, they wouldn’t have 
to charge more for water. Of course, I do realise that stopping the leaks is very 
expensive.
M l: If I could just say, many years ago when I worked for a very small local authority 
the water mains where completely unknown to the authorities, and they used to have to 
rely on some old boy in his 60s who remembered where the mains were and so on. 
Whether or not nowadays pipes are shown on plans I don’t know, in relation to where 
the old pipes are.
M2: It’s been a requirement since the 30s for The authorities to comply with notifying 
where the mains are, but this has not happened.
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M l: Well that’s just it you see, this was a district council in the 50s and they hadn’t a 
clue where their pipes were
M2: Can I ask you Jason, if you are aware of consultation going on at the now, there’s 
government paper reviewing the water abstraction licensing system?
J: Yes I am
M2: That will eventually come into some form of new legislation putting pressure on 
the water companies to be more economical in getting the water out of the ground, and 
they will put the pressure on the consumers in turn.
M4: You are talking about abstraction, but what about reservoirs?
M2: That’s all part of the scheme. Abstraction included getting it out of a stream or 
ground water and putting it into reservoirs, and then customer supply. There are various 
parts of the community at the moment that don’t pay at all, for example abstractions for 
dual systems. There are certain types of irrigation - with spray irrigation you have to 
pay, trickle irrigation you don’t. And there’s all sorts of examples of strange instances 
that you don’t have to pay for that need to be tightened up and they’re also talking about 
different charging systems for water companies and industrial users and so on who 
abstract water. I think in the end it will put pressure on companies to be more 
economical in the abstraction of water and therefore put pressure on us to use less.
J: Getting back to the issue of leakage - a lot of water companies say they couldn’t 
economically reduce the leakages to less than about 10% - do you think that is wrong - 
do you think they should stop leakage at all costs? Or do you think that’s okay to try 
and get it down to that level -
M l: Practically speaking, yes I sure you’re right though it would have been better if the 
various agencies had made them keep it down from day one but 10% sounds reasonable
M4: 10% would be a good target.
M2: I’d be surprised if they could get it down to 10%. Over the years, there has always 
been different leakage rates for different parts of the country. I heard this about 20 
years ago, if you went to the West Country or Wales leakage rates were huge, but if you 
went to East Anglia, they were quite low and it
just reflected the cost of getting an extra cubic metre of water out of the ground in one 
place compared to another. If new water is more expensive then you look to reducing 
leaks where you can.
M l: And of course there’s chemical reactions from the soil if different parts of the 
country
J: What about problems of leakage on private property. Water companies obviously 
deal with leaks from the mains pipes, but what about the pipes connecting to properties? 
Do you think people should be forced to deal with their own leakages?
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M2: I heard that water services were offering a service to repair leakages on customer 
properties.
J: That relies on the customer requesting a service.
M2: Not necessarily, because the water companies can repair and test leakage at night 
and there are various methods of identifying where the leaks are and they can probably 
track them down - the customer won’t know unless it is such a large leak that the ground 
is particularly wet. Here where most of us live on chalk the water would drain away 
very nicely.
M4: How would we, with a meter, notice a very severe leak? Is your meter M3, in the 
road, so any maintenance to that is free of charge. If there is a leak between the meter 
and your house, you would pay for that. How would you know that it is leaking?
M3: Well when I first had the meter installed, I thought I should occasionally turn 
everything off in the house, to check it wasn’t recording any flow at all - over a period 
of say an hour. - but I haven’t kept that up resolutely, I’m afraid.
M 4:1 have regularly looked at the meter about once a month to notice the rating that I’m 
using. It seems quite reasonable.
M2: Is yours in the road also so it’s unlike my earlier version? I think if it had a big leak, 
you would notice it on your bill. You would say, wow, that’s high, and compare with 
the value six months ago.
M l: You can also hear something in the pipe.
M2: Sometimes yes.
J: Lets move onto the issue of water resources. If they are becoming scarce due to 
increasing hot summers, do you think more storage is needed, and if so who should pay 
and at what environmental cost?
M4: Storage, as in reservoirs not domestic?
M2: This is because of increasing demand?
J: yes
M2: I will be unconventional, and say, I support building new reservoirs. Partly, 
because I am interested in sailing and other water sports and I am very aware that they 
give various community benefits. Apart form the water supply itself the side issues for 
example - 1 support the South West Oxfordshire Reservoir in Abingdon. It’s no great 
farmland, a particularly boring landscape, there is nothing to recommend from the plan 
a better use of the land, and the farmers are not doing particularly well on the land so 
may be happy to be bought out. If it is designed in a way the literature suggests it could
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make the local countryside more attractive, rather than less. And the side benefits are 
various forms of water recreation. My personal view is that I have no objections to 
reservoirs. I can quote a lot of cases where the construction of reservoirs have increased 
the amount of local employment and many people say that it has enhanced the 
landscape.
J: So what if a reservoir was built at Goring?
M2: I might very well approve. I don’t think it will, because of the geology. It 
depends, if someone builds a great bank behind my house and 30 ft high, then obviously 
one would be very concerned. If it was tucked away in the downs, I would say how 
nice.
M3: My son lives near Rutland Water, and that is an attractive social amenity with 
sailing , and agreeable walks around the banks - a wonderful asset to the area. Another 
excellent one is Rattle reservoir which is good for sailing, and water adds to the 
landscape.
M4: Yes, I have no objection. If they are placed environmentally agreeably, it could be 
quite a nice asset to the country. Nearly as good as a golf course.
M l: No, I ’m not against it though I’d hate to see a grade II listed building submerged 
beneath one, like in some places where this has occurred such as Ladybower. They can 
be far more attractive than farmland.
M2: The technical argument for the Abingdon reservoir is that it’s a better use of 
resources, and it will probably be filled from winter flows in the Thames, whereas at the 
moment that excess water just flows out to sea, and so that seems a better use of water 
than trying to squeeze smaller and smaller amounts 
that we have got now.
J: Should environmental considerations to supplying clean water come above or below 
economic and financial consideration?
M2: What do you mean by environment? Do you mean the natural environment or the 
human environment?
J: I treat the human environment as a subset of the natural environment as issues that 
affect the natural environment tend to have knock-on effects to the human environment.
M2: Its very difficult, I became involved with a bit of economics in connection with 
restoring canals. If you look at that situation, it’s governed entirely by measurable 
economic indicators such as number of boats in the marina, charges, money spent in 
local pubs etc. improvement of canal corridor and so on.
And then you can look indirect economic effects like improving the general appeal of 
the area, and then you have social side, that it improves the local amenities and so on. 
So there’s a whole range of benefits, not all that are economic ones. So it is difficult to 
separate economic from environment.
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J: I mean from the perspective of the water companies, they are there to make a profit. 
So in their planning should they be considering how to maximise their profits or how to 
worry about the environment.
M2: Well they do have regulators who require them to do or not do certain things.- they 
also have a public image and every company has an environment policy or green- 
housing or whatever they want to call it, and there’s no doubt this will help them to 
improve their image and improve their environmental 
performance whilst increasing profits.
M4: You are therefore saying are you that they should consider the environment costs 
involved?
M2: No, not necessarily
M4: Should they consider the costs, or should they produce the best quality water at any 
cost - is that basically the question?
J: That is basically the question.
M4: They should produce the best quality of water, but not at any cost - at reasonable 
cost - would that answer your question?
J: That’s a lawyer’s or a politician’s answer (laughter)
M3: They have lots of rules and regulations to comply to, so their freedom of choice is 
not all that great.
M2: I went to a public enquiry for Anglian Water, they needed more ground water to 
top up the reservoirs that were dangerously low. I was representing my navigation 
interests. The Environment Agency were on the opposite side to the company and 
various other environmental groups. The company had to employ professionals to 
foresee all the sorts of problems and make all sorts of promises that if they were given 
permission to lower the groundwater tables to cope with the drought then they would do 
all these ecological surveys first and so on and so on. The whole situation put them 
under a great deal of pressure to minimise the environmental costs in order to get the 
water. The inspector and
politicians knew that stand pipes in the street are not popular and in the long run water 
supplies are more important especially as they had recently been privatised.
J: Well lets pick up on that point, did you agree with the privatisation of the water 
companies? Or would you prefer it to be re-nationalised?
M3: I for one, was very much opposed to the privatisation of the water companies. I 
didn’t take advantage in the share offers at the time -
M l: I took out gas shares - no water shares.
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M4: Privatisation of the water companies certainly made them more efficient. Whether 
it’s been the right thing to do, I honestly don’t know. You can compare it with the 
privatisation of the Hydraulics Research Station which I think was the wrong thing to 
do. Although they are a far more efficient body now, for the good of the country, I 
wonder if it should have stayed a government establishment. I don’t know whether that 
answers your question about water privatisation.
M 2 :1 am of the same sort of view, I couldn’t see how a monopoly type of establishment 
could be privatised although now it has happened, I do believe it has improved the 
efficiency of the industry.
M l: It probably has improved the efficiency but I still think it should have remained in 
public ownership.
J: You think it should have stayed nationalised?
M l: Yes I do.
J: If you were given the opportunity to vote for it being re-nationalised...?
M l: I would vote yes.
J: If we compare the situation of where the transmission of electricity is done by the 
national grid being able to choose which electricity company to buy electricity from - 
you don’t have that option with water. Do you think that should have been done?
M2: Some commercial companies are going to have that option. But its much more 
difficult to offer because water is basically so cheap and bulky that you can’t transport it 
very easily.
M l: Water also, is more likely to effect the health of people, than electricity so if 
Thames Water price which is low went high it would be good to have other lower priced 
companies but whether drinking water could be sold that way I’m sceptical; I could 
drink bottled water perhaps.
M2: I think the present system has made the problems clearer - whereas if nationalised, 
everything is rather fuzzy. Water companies which are virtual monopolies have strong 
regulators or several regulators - one of which is the Environment Agency - The EA has 
9,000 staff which is very big. The Environment Agency view on certain things to do 
with abstraction could well be in conflict with interests of Industry or the customer
J: Environment Agency is a public body that acts in the interests of the public.
M2: Well that’s a very difficult statement because they might not.
J: All I’m saying is that you are comparing with a private company to a national public 
body which is there to regulate.
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M2: Yes. But if it is a very big body with large responsibilities it can use its regulatory 
powers in ways that’s not necessarily the optimum.
M3: That’s right. If it’s unwise or badly managed it doesn’t do it for its own gain 
M2: No not financial gain, no.
J: As a customer or customers do you think you have enough say in the way water is 
managed and if not, what would you do to change it?
M 4:1 don’t know whether I would want to have any say in the way it is managed by the 
company. I don’t \know enough about what they have to do to manage it. I ’m just a 
user, a bit like petrol in my car. It works and so I am satisfied.
M3: As a consumer, if you don't like a product you buy someone else product, but you 
haven't that choice. They only way you can is through the political system and your 
local representative though personally I take no steps in that direction whatsoever. 
Water comes out of the tap and I pay the bill.
M2: If I wanted to raise a point I would probably work through the regulator -if I wasn't 
satisfied with the quality of the water then I would be on to someone in the EA who are 
checking what water companies are putting into the system or are discharging from 
sewage treatment system.
M3: Wouldn't you contact the water company first.
M2: I would probably go to the water company first. But if it's a bigger problem it's a 
bit beyond the role of the customer to worry about the flow of water in the river Pang 
for instance. The solution would be in the case of low flows to take more water from 
the borehole at Compton and presumably more
from another area. That is for the EA to try and balance the environment with the 
customers needs.
J: Do you think the general public is aware of the regulators and the rights that they are 
supposed to be protecting?
M4: The average user. I think not.
M2: We've said we're not typical and have perhaps more technical knowledge than the 
average person. The average person complains to parish or district councillor. So one 
would rely on the local councillors to pass the complaint to the water companies or 
regulators.
J: Do you think the water companies should be making their customers aware that it 
they are not satisfied with the service, they can either go to the water company or the 
regulators.
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M l: They ought to put in there blurb that you can contact the Environment Agency or 
regulator; I mean they’re talking about more abstraction from the Pang which is terrible 
I think.
M4: So would you have spoken to the regulator if you had been strongly concerned?
M l: I don’t think so
M2: I think we are extraordinarily lucky in Goring. We are much better off than if we 
were in some housing district in a large city. For example we have this green card 
lilting all services and companies. Everyone gets this delivered free. They get little 
articles in the Goring newsletter from time to time.
There is the sheet that comes with the rates once a year. It has all sorts of notes. I’m not 
sure if the water company is lists a ring this number. That is far better than it used to be, 
it’s all written down there so there’s a lot of information put in there, and we’ve an active 
parish council. If you lived on the outskirts of Oxford you don’t have the same 
community interests and support.
J: Do you think the water companies should take the initiative and try and provide the 
public with this information.
M2: There might be some areas that they needed to concentrate on more than others.
M3: If you look in the telephone directories or Yellow Pages a large advertisement 
appears for the water companies with customer service. I think my first course would 
be to look in telephone directories. I help draw up the free telephone directory each year 
with a lot of telephone numbers - my job is to check public companies telephone 
numbers to see if they have changed from year to year.
J: Is there anything else about the water companies management that you would change 
that would make you feel happier.
M2: This is water supplies is it?
J: yes
M2: Meter reading. It’s ridiculous. We have 3 or 4 meters in the house. Several people 
come to read them. They can’t if we are out etc.
M4: Your trying to put 4 people out of a job even though you are making it more 
efficient, (laughter) You can transmit electronically can’t you?
M2: It was okay 40 years ago when the housewife was in - but that doesn’t happen now. 
M3: The answer is to have them outside.
M2: Yes. New houses have them outside.
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M l: I don’t know what they do now with the laying of mains, in the past they’ve tried 
combined trenches for three services that contains gas electricity and water. What I 
remember from 20 years ago, the water people were very obstructive - this was in 
Bracknell New Town - but getting them all to work together in the same trench - they 
all wanted different heights, but all I remember was that the water company was the 
most awkward. Isn’t there a problem that one could contaminate the other?
M3: Now sooner is the road made up, but another service digs it up. My wife always 
complains about it. Wallingford has had terrible interruptions hasn’t it?
J: There’s an advert on TV at the moment, I don’t know whether you’ve seen it, but there 
is a trench with workmen in it, and a van driver passes by and asks them whether it 
would be alright to lay a gas pipe whilst they have the hole open. Then a whole load of 
other people come along and ask as well. It’s a Heineken ad I believe. If water costs 
were increased, do you expect the onus for improving water use/efficiency to be more 
on the water company do you think customers still have responsibility to make changes 
in their lifestyle or business activities etc?
M3: If the effect of this was to put up the costs of water you would expect the individual 
to make his own economies if he wishes to do so, though no doubt some helpful 
literature from the water company would be very welcome.
M4: Development surely into water saving techniques should come about with a system 
of mains flushing or dry toilet systems to be further investigated.
J: Do you think water companies should partially fund this?
M4:1 think they should initiate this type of work - rather than us the householder.
J: Perhaps more Businesses could look into this?
M4: Now are you talking of industry or domestic? We have always talked about 
domestic. We haven’t mentioned anything about industry.
J: No I only brought that up in terms of research since industry are responsible for 
developing appliances that use water. But getting back to domestic, they should try to 
put pressure on manufacturers of water devices to improve systems etc.
M4: Yes, absolutely.
M2: My view is that if water prices goes up enormously then there is pressure to 
customers to look for savings - and that will give rise to development from businesses. 
Also they have to ensure that water companies profits don’t go down if they sell less 
water by volume, that is quite tricky to manage. It
would only come about if you weigh the cost of the new abstraction very expensive so it 
is cheaper for them to save money in other ways than developing new sources.
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J: If everyone is everyone becomes metered and encourages the Government and 
regulators to improve efficiency, it’s going to affect income of water companies so 
there’s a conflict of interests - how should that be addressed?
M4: The fat cats could take less of a salary.
M2: I think they’ve got a bit further in the States. In New York, the pricing structure 
was such that it paid the water company to install devices in peoples houses, they made 
more money. I don’t know exactly how the system works.
J: You mentioned literature to help people save water. Do you think this is enough 
given the situation
M3: No not at all. I was going to ask you do you have some knowledge that there will 
be a substantial increase in the price of water?
J: No. I now nothing about Thames Water.
M3: Well not just Thames Water but water generally
J: I can surmise that the cost of water will go up in the future.
M3: because what you hypothecated, earlier was a doubling of bills which is pretty 
unlikely isn’t it?
J: The reason I did that was to see what your reaction would be if the cost went up 
significantly above the rate of inflation.
M3: Of course that has already gone on. Water has gone up very considerably in cost 
and although they grumble people have paid their bills and have now adjusted to a 
higher price.
J: Do you think there might be a threshold where people stop grumbling and get their 
pitchforks out?
M3: yes (laughter)
M2: There is an aspect which we haven’t discussed and that is the main reason for the 
water quantities being used are single households, with washing machines. Not using 
washing machines quite so often may help. That is a political social problem and not 
something that the water company can do.
M4: Interesting point that. You mentioned M2 earlier about different charges for water, 
off peak. Is that feasible in that your demand will be different according to time of day?
M2: Time of the day is difficult. But, you could tell people that all the water in the 
summer 3 months would be charged double.
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M4: If we had thought years ago, a double grade of water, for washing not for drinking, 
a dual system. Where am I thinking of, is it Spain?
J: There are pilot schemes in California. But obviously the cost of restructuring would 
be high.
M2: Coming back to the single household sort of problem. I’m reminded that 20 years 
ago my parents lived in a flat that had a laundry room at the bottom, so they didn’t need 
a washing machine or their kitchen was smaller and presumably the effect was to save 
water.
M3: How would that save water?
M2: Ah yes, you’re right
M4: you can’t put everyone’s clothes in together! (laughter)
M l: If you put water charges up enough it would change peoples morals.
J: You’re talking about illegal abstraction?
M 3 :1 think he means in single households
M4: You could take in a lodger or a couple of au’pairs (laughter)
M3: Of course you’re talking about an extra 4 million houses in the next 15 years due to 
the increasing number of single parents.
M4: I suppose we are all living in a house, each of us, all our children have gone, in a 
large house with only two people in it.
M2: You tend to expand you see. I’m living in a house that had five bedrooms, it is now 
3 bedrooms and 2 studies house.
M3: Are we using any more water, by living in a large house
M4: Are we using more water? No. If our children were home, we would probably use 
twice the amount we are using now. That is why it has paid us to have a water meter.
M3: yes, exactly so.
J: What would you do if you were restricted at certain times of the day during the 
summer months - do you think this would be reasonable?
M3: 30 years ago the water main broke in the road here, for 3 weeks no mains water - a 
tanker came along - we had to save water in a very big way - one of the ways we 
cheated was we had our baths in a friends house - but other ways, we didn’t flush 
lavatories - economical about washing, fewer baths etc.
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J: But if it was the water company turning the tap off, and not a natural phenomena 
such as burst pipes etc how would you feel?
M3: it was just the nearest parallel I could think of.
M4: You wouldn’t very much approve of it I suppose.
M2: I suppose there are ways of getting round it, storage in the roof, if you knew when 
it was to be turned off or leave the bath full.
M4: As long as it wasn’t such an inconvenience, I think we’d accept it as long as it was a 
relatively short period of time and it was part of a water saving scheme that the water 
company thought was necessary.
M l: Someone in Goring is abstracting his own from a borehole in his garden.
J: yes he’s one of the people that responded to my questionnaire, he has his own rig 
bought second-hand from America
M2: He has his own abstraction licence?
J: yes
M4: Is there any scheme where by bathwater instead of going down the waste could be 
taken out and saved out in the garden?
J: There are devices that can be bought from places like B & Q that divert water into 
water butts.
M3: On the other hand, the water that goes into the waste, does eventually recirculate 
does it not through the London reservoirs?
M4: But the water butt system would save me money, because I would be using water I 
have already paid for through the water meter. And I wouldn’t be putting fresh water 
onto the garden. To me, putting drinking water on the garden is criminal.
M2: I always argued any leak in the road doesn’t make any difference other than to the 
costs, basically it seeps back into the system and is recycled anyway. The important 
thing about grey water used on garden, is that it only saves water if it is replacing water 
already used for irrigation. If it increases the
amount of watering in the garden then you’re losing out because there’s less water going 
down the drain for recycling.
J: There is the other problem that if you are reducing the amount of water going out of 
your house, it would effect the efficiency of the sewerage system.
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M4: You can have a system where you only pay for the incoming water if you can 
prove you are not using the sewerage system - 1 read that in the literature that came with 
the meter.
M2: I don’t think there are many septic tanks left in Goring 
J: I know Nick Odd has one and only pays for water 
M2: Yes but he’s in North Stoke which is very small 
J: Oh right
M3: we have the remains of ours
M4: Therefore M3, you are only paying for water coming in not going out because you 
have a septic tank
M3: No I ’m not anymore
M2: In those days you paid Thames Valley Water Board for your water and when you 
are on mains sewerage, you pay the council for water going out.
M4: We pay a sewerage charge now - it’s the same as the water isn’t it?
M2: It wasn’t very explicitly billed when we paid rates before metering
J: Do you think that by controlling water supply by one way or another by cost or 
supply, that is an infringement of civil liberties?
M3: There are a lot of weirdo’s associated with civil liberties (laughter)
M2: Life is all about duties and responsibilities.
M3; I think if we are all living in a community we have got to accept certain 
obligations.
J: Do you think that is a general feeling 
M l: With a few exceptions.
M2: within a law abiding community you’ll probably appreciate that we have got 
restrictions with which we all abide
M4: You will get a totally different answer if you go to S E London, say Thetford
J: Getting back to demand management, do you think technological fixes are an answer 
to controlling demand or do you think that a culture shift is needed?
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M4: What do you mean by culture shift?
J: As in people taking responsibility and using less water and realising that water 
shouldn’t be wasted to protect the environment
M4: I think 50/50. Technological ideas - showers perhaps ought to be developed and 
research could be provided by water company.
M3: The per capita consumption of water has gone up over the years and it’s a reflection 
of the standard of living that we enjoy. Everyone has a washing machine now, lots of 
people have showers - and the velocity varies - in America showers are like standing 
under Niagara Falls.
M 2 :1 am concerned on that particular ground is the story I get from my children - if you 
have a power shower, the figures for power showers are as much as having a bath - the 
normal shower uses a third and people are marketing these as the modem thing but they 
are very wasteful. You have to be very careful with all these new devices. If you’re in a 
hard water area like this, you get
an awful lot of clogging up - 1 have to get rid of all the lime scale just before they come 
to visit so the shower comes out normal power which is quite good. So with some of 
these devices you cannot just install, for example spray taps because you’ve got to have 
a method of removing the hardness.
J: In my house we would like to install a shower, but unfortunately the header tank has 
not got sufficient head to get power for a normal shower and a power shower is fairly 
necessary, so there are situations where they are fairly essential.
M3: I ’ve 2 showers, the first one I put in myself before power showers were generally 
available and it’s an electric instantaneous heater, but it doesn’t give a very good shower, 
and I have the same problem as M2 with clogging. I have toyed over the years with a 
water softener -
M l: I have a descaler in the kitchen and it’s not brilliant, but the shower head is less 
clogged up.
M4: What is this system that you have got? Is it a coil around the pipe - relatively 
inexpensive?
M l: Yes
M4: Does it work?
M l: Yes - with limitation.
J: It works on electro-magnetic pulses - 1 don’t know how -
M 4:1 think it breaks down the lime in the water, and dissolves it in the water so it stays 
in suspension.
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M l: it’s very difficult to tell but I’m sure it does work.
M3: Which? magazine tested water softeners some years ago but as a p.s. they 
mentioned this type of softener but they said they couldn’t find anybody to explain how 
it worked, some people said they had found it didn’t work but there’s a certain amount of 
luck with them (laughter)
M l: It certainly improved the shower head.
M 4:1 don’t know whether this is within your terms of reference Jason, but my daughter 
has a softener which users salt, and it softens the water, and you can drink the water. Is 
that detrimental, having a softener which is inputting salt.
M3: It doesn’t actually get salt into the water but works on ion exchange process, but 
there is some medical evidence to suggest that people drinking hard water suffer less 
heart problems than people in soft water areas, so there’s that side to it
M l: Yes, this thing does have a rising main by it which I think is unaffected by it.
M2: There’s a slight query about that because the hard water areas do correlate with 
certain diets in the areas - the soft water areas tend to have fattier diets. Can I come back 
to your basic question - are people going to be public spirited or have we got to work 
with technology, and most have said that
technology is the best solution which I agree with that. When you compare us to people 
in India, say, we are very wasteful, but I don’t think you could get people in the West to 
change that much so I do think technology is important.
J: Working with technology then, do you think the responsibility should be with the 
manufacturers or the government to improve water use efficiency?
M2: Well, the government could ensure that the consumer has access to appropriate 
information about the technology they’re using, but as for research funding, not really - 
that’s up to the manufacturers, though of course the Government already funds academic 
research in that respect no doubt.
M3: Well, one could draw a parallel with the motor car, where the Government 
encourages manufacturers to improve the efficiency.
M2: Yes, the Government does set standards by reducing emission limits and so on and 
this could be used within the manufacture of water technology I ’m sure.
M4: But should the water industry also be concerned?
M3: Well I suppose it is against their interests as we said earlier because they make 
money by selling greater volumes of water, so I doubt they would support the 
development of efficient domestic equipment.
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Qualitative summary and assessment of Focus Group Style
interview 1
• The focus group was held in the house of one of the members of the group in a 
comfortable homely environment. The atmosphere was initially awkward, but as the 
group ‘warmed up’ and relaxed, the atmosphere became comfortable and friendly 
with some joviality. Some of the members knew each other prior to the group 
meeting and this aided discussion between members. The group consisted of four 
retired men who were professionals during their working lives and who are all 
homeowners.
• The group seemed to be primarily concerned about water supply from an economic 
point of view. For instance, they were all metered and were pleased that they were 
paying less for their water as a result than they were when unmetered. However, 
concerns were raised about the water supplier wasting money - for instance through 
leakage and through meter reading - and also the prospect of having to pay more if 
everybody became metered. That said, the group felt it was right that everybody 
should be metered even if it meant an increase in the price. There was a general 
feeling of value for money from the supplier, but it was noticeable that this was 
because all had seen a drop in their water bill since meters were installed. One 
comment was made that some people expect water to be a free right and hence feel 
that the charges are too high. The perspective may be then highly correlated to the 
economic security of the individual and their views on natural resources - in this 
case all members were financially secure and come from a generation where perhaps 
it is seen as right to exploit natural resources. The reaction to the prospect of a 
doubling of the price of water seemed remarkably passive, but then again if the 
group had been paying higher rates before the introduction of meters, it is 
understandable that this would not pose such a serious dent on the participants’ 
finances. There was concern that legislative pressure might encourage water 
suppliers to shift the burden of extra expense in infrastructure development and 
maintenance (e.g. reducing mains leakage) onto the customer in the form of 
increased prices. Grey water recycling was seen as a good potential cost-saving 
exercise, but only for metered people and for those that regularly use water for 
garden irrigation.
Page A-92
Decision-support for Sustainable Water Supply Management
EngD Portfolio Jason Coliins-Webb
• When asked about the privatisation of the water industry, the group thought that it 
has led to improved efficiencies, but conversely felt that water supply should have 
remained in public ownership. This was possibly due to a feeling of loss of part of 
the national heritage and also out of a sense of social concern that, like the health 
service, something as crucial as water should be publicly owned and managed. 
There seemed to be a view that the market forces of water supply would 
automatically keep things in equilibrium - if prices went up, the customer would 
look to economise and put pressure on manufacturers of water using appliances to 
help improve their efficiency, and consequently the manufacturer’s and water 
suppliers would lobby Government to keep the costs down. There was only one 
mention of ’fat cats’, a popular public issue.
• The second priority of interest seemed to centre on ways of reducing water 
consumption in order to save money (and water) and in particular the use of water 
butts for garden irrigation, and the use of low flush toilets. There was some 
expertise amongst the group about technical issues to do with toilet design and 
building regulations that forced a minimum flush volume. When asked about the 
prospect of a doubling of the price of water, comments were made about trying to 
use less but that there was a minimum needed for health’s sake. They did recognise 
that their reaction was perhaps not typical, and that the community at large might 
feel indignant about price rises, and in particular because people rarely think about 
the processes that the water goes through before reaching the tap. The group felt 
that other people saw water as an essentially free resource and that charging for it 
and conserving it might be seen as unnecessary. Whether this perception is based on 
conversations with other people or on a fabricated notion is hard to tell. The group 
felt it was fair to only expect water suppliers to minimise leakage to a 10% level 
rather than stopping it altogether, but one comment was made that the marginal cost 
of abstraction varies geographically and this alters the cost of leakage reduction, so 
fixing targets nationally may be physically and politically difficult. Leakage on 
property was felt to be the responsibility of the property owner (legally this is the 
case), but that detection of leaks may not be simple, so help from the water supplier 
would be appreciated.
Page A-93
Decision-support for Sustainable Water Supply Management
EngD Portfolio Jason Coliins-Webb
• When asked about mass storage in reservoirs, the surprising reaction was that the 
group was in favour of reservoirs, even to the extent of having one in their ‘back 
yard’. Comments were made about how attractive reservoirs can be and how they 
can be an asset to the countryside, citing the new Abingdon reservoir as an example. 
This may be a reflection of an older generation appreciating the benefits of human 
engineering, and having more leisure time within which to enjoy activities such as 
water sports and bird watching. What was not mentioned were the energy and 
material costs of constructing a reservoir, and the group seemed to focus on the end 
product rather than how reservoirs come into being.
• In terms of the environment, the general feeling was a lack of concern. This was not 
in a apathetic sense, but rather that the group had confidence in the institutional 
arrangements and that the law and pressure groups would keep water suppliers in 
check on environmental issues. There was also a feeling that the environment was 
not a priority in their mindsets, and if it was, it was in terms of the countryside and 
wildlife rather than a more general appreciation of complex human impacts on the 
environment. This is characterised by a misunderstanding of the word environment 
which had to be elaborated upon when asked whether environmental considerations 
should be given priority in water supply planning, and also by the example of the 
reservoirs question in that the group’s idea of an enhancement to the environment 
was to have a nice lake to walk around or recreate near - an enhancement to the 
countryside. There was a good awareness of the role of the regulator, but the group 
felt that the general public might not be so aware, and that if there were issues that 
people had with their water supply, either from a private perspective or in terms of 
general dissatisfaction with the way water is managed, most people might not know 
how to be heard, or who to turn to. There was a recognition in the group that water 
supply is very connected to politics, and that the political systems can have a large 
impact on how water suppliers function. The issue of greywater recycling was 
raised, but the group’s general knowledge of this was limited. One comment was 
made about the potential of reducing natural recirculation in the groundwater 
through the use of greywater for garden irrigation, which is counter to the general 
notion that greywater recycling is a good thing.
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• When asked about the provision of information, the group generally felt that more 
could be done to inform the customers (the public) about things like regulators and 
their roles, and that in some areas (such as inner cities) it might be necessary to 
focus more closely on community needs than in others. The group seemed to be 
keen to mention the local community initiatives such as the local information guide 
for Goring residents, and the Parish newsletter. Whether the group was suggesting 
the water suppliers could get involved with these is not clear. The feeling was that 
anything that the water companies could do to improve communications with 
customers was a good thing, particularly with regard to helping the individual make 
savings.
• An interesting point about the social context of water use was raised in that due to 
the increasing number of single parent households, each with its own set of water 
using appliances, may account for a significant part of the domestic water market. 
Also discussed was whether living in a large house affected the quantities of water 
consumed, but the conclusion was that it was primarily to do with number of 
occupants, though in the case of single parents, the presence of young children can 
increase the water use rate considerably due to clothes and nappy washing. Also, in 
terms of changing habits and the culture of water use, the group felt that people were 
more likely to take water saving measures if the supply was restricted in some way 
(such as reduced supply in the summer) rather than by increasing the costs.
• There was certainly a feeling of social responsibility amongst the group and that if 
push came to shove, it is down to the water user to do his/her bit to help save water 
rather than complain and argue over potential changes to the water supply system. 
This was bom out by the response to the question of whether restrictions and cost 
increases were seen as infringements of rights. A comment was made that this 
attitude would probably not occur in somewhere like SE London, which is an 
interesting perception, though unsubstantiated. That said, the group did feel that 
technology had a large role to play in helping to increase water use efficiency, and 
that a change in water use habits would only go so far. For instance, they raised the 
problem of showerheads clogging due to hard water and how this reduces the 
efficiency of showers, and encourages people to install the more wasteful power 
showers. The group felt that the Government could encourage manufacturers to
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produce more efficient water devices in much the same way as the Government 
imposes emission limits on cars in order to encourage car manufacturers to improve 
engine efficiency.
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M3: Plastic’s worse 
All: yes
M6: It’s good for the teeth
M 5:1 use a filter jug and I have done for six years and it’s the only way I can drink the 
water for tea and coffee, but I drink the water from the tap myself and that’s perfectly 
alright. You know it comes from the boreholes at Gatehampton don’t you? That’s where 
our water comes from, so it doesn’t come very far before we get it, at least we don’t have 
recycled water do we?
M6: and I think that’s why we have this chlorine taste because it didn’t come very far.
J: What change to that quality would make you start to worry or complain?
M5: Colour - it has been brown once or twice. I think that was when they were putting 
in the new piping
All: yes
M5: We get it from five boreholes and it gets pumped through the village to the top of 
the hill where I am and that’s stored in a reservoir right at the top o f .... Road, and then a 
good portion of it gets piped into Didcot and that’s why they allow Didcot to build, so 
our water is sent.
M 3 :1 would dislike it if we got that chloriney taste, I had it for years - my parents water 
is disgusting in Dorset, it’s soft and always tastes of chemicals.
M l: The soft water doesn’t taste as nice, I mean hard water tastes nicer and they say it’s 
better for you.
M 4:1 would like to know about nitrates, because in France they have in the shops what 
the nitrate level is and you find there that they warn there that the elderly and pregnant 
women and young babies shouldn’t drink the water, they should drink bottled water, but 
we’re not given that information so how can we tell?
J: You think that information should be provided?
M4: yes I think it should if it’s important, it would be nice to know what it is and what’s 
a safe level
M l: I haven’t a clue how much water is in this well or how deep it is or anything.
J: Do you ever have variable quality coming out?
M l: No, no I like the water to drink, we have less gunge in the kettle than we used but 
how deep this well is I wouldn’t know.
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M4: If it hasn’t run out yet I wouldn’t worry about it!
J: As long as it keeps raining:)
M6: Didn’t you use to have a water tower?
M l: that’s right, then they swapped it to across the road. They used to have to pump it 
out and the pressure was even worse, unless a mouse would eat through the wire in 
which case we’d have no water!
J: What about the quality of service - obviously the money you pay is for the service of 
bringing the water to your home and not the water itself, so what do you think about the 
quality of the service you get?
M l: I wouldn’t know because we don’t get involved you see.
M2: The water is there, I mean we take it for granted, and we are very lucky in that the 
water is always there and I don’t know if this question is coming later but it always 
seems to me rather ridiculous that we only have one quality of water, that we only have 
drinking quality water for everything because that’s such a waste, but although it 
obviously would be an enormous cost of new infrastructure, but it would be much more 
sensible to have one supply of drinking water and one supply of water for everything 
else.
M3: I’m perfectly satisfied with the service I was trying to think of the last time I had to 
call them out or say anything and the shear fact that I haven’t had to in the last seventeen 
years seems to indicate that it must be pretty good. The only thing that I can think of 
was that we asked for a water meter and they turned up and installed that perfectly 
adequately. For what I’ve required it’s been fine, as a householder I suppose our needs 
not that variable or complicated. They should be able to get it done I suppose.
M4: Yes I ’m quite satisfied as well, whether they attend to leaks as quickly as they 
might I don’t know but I can’t complain, and the fact that I went for a water meter and 
my bill was cut in half pleased me no end.
M6: yes we went over to a water meter and it cut the bill by half, but I know when they 
did put water meters in on some very old houses where they couldn’t find the stopcock 
there was a terrible leakage and it took them ages and ages to find it. But up our road 
they’ve been very good and the pipeline goes right up our road, so I suppose.... but we’re 
quite satisfied with the service, yes
M5: Well we haven’t got a water meter yet, I don’t know whether we will or not, but the 
bill goes up by twenty five pounds every year but it’s very easy to pay for it in a 
standing order over ten months. Are you going to ask about water leaks or can I do that 
now?
J: You can say what you like!
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M5: We were aware of a water leak, we phoned the water board and they said no it 
wasn’t them, so we got a local man in at a fair amount of cost and time we did put a new 
pipe down the garden and drive only to find it was them, and they were out the next 
minute. So once we did prove that is was not us, but it did cost us a little bit in effort 
and time.
J: Were you compensated for that?
M5: No, but we’re not on a water meter you see, if we’d been on a water meter, what 
then?
M4: Well actually this happened to friends of mine, they were on a water meter and 
suddenly they looked and they used more than a year’s supply of water in a couple of 
days, so obviously there was going to be a huge leak and the water board said well no it 
wasn’t them, but they did come to some arrangement with them because obviously it 
was going to cost an arm and a leg to settle it, but it was rather worrying because they 
didn’t know where the water had gone.
M5: So where was the leak?
M4: well it was between the road and the house
M5: So it was on their land
M4: yes, so it was actually technically their problem
M5: So it was on their land, whereas this wasn’t, you see, this was the stopcock out in 
the road.
J: How long ago was that?
M5: it was a while ago, it might be as much as seven years ago.
J: Because the Government has obviously put a lot of pressure on water companies to 
try and reduce leakage, so I suspect that nowadays they might be a bit more ready to 
come and investigate.
M5: The only complaint is that why couldn’t they have come and found that it was their 
leak before we’d done all that work, I’m glad we did do the work, we put in a new 
plastic pipe etcetera etcetera, we did check all our stopcocks, there’s one halfway down 
the drive, but really and truly it took quite a long time to prove it was them and it wasn’t 
until I could prove it was them would they come and do it.
M6: The trouble with my water meter is that it’s in such a way that I can’t read it. It’s on 
the pavement in a hole and it’s a long way down, well I mean if I absolutely got down 
and got a torch and a magnifying glass then I might be able to, but it’s difficult.
M4: So you rely on someone to come and read it?
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M6: Yes, presumably someone comes and read it.
M4: Because ours is in our cloakroom
M6: Like the gas and electricity, so is yours newer?
M4: No, it was fitted ages ago
M l: Do you get a choice where it goes then?
M6: No
M2: no it’s in the road, and ours keeps filling up with water 
M5: When it rains
M6: Well I suppose it’s the heavy rain, and my husband has to go and bail it out every 
now and again because nobody can read it.
M3: Ours is full of ants
M6: So is ours, but I think they’re all drowned now 
M3: We just let the meter reader get them out
M l: Can I just ask you what an artesian well is, I think it’s an artesian well over the road 
tested by SODC, but what is an artesian well.
J: You need to ask a hydrologist.
M5: Didn’t you do it in geography, we did it in O-level geography. It’s one that er... 
pressure isn’t it, it comes up rather than being pumped.
J: yes, I think it’s in porous rock where you can just sink into the porous rock and the 
water just seeps out.
M5: The only time you won’t have it is when the water table drops so low that it falls 
below the level of your borehole, it is a borehole type well, not the type built with brick 
and a bucket tied on. Well, come down to the library and I’ll get a book out for you.
M l: Well it’s all tested by SODC and it’s adequate.
M6: If they say it’s OK, it must be OK
M l: I just wondered.
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J: OK, what about from quality of service to value for money. M6 you mentioned that 
your bill’s been going up steadily, do you think it’s good value for money for the service 
you receive?
M5: W e’ve always been a large family, we were seven you see, and of course we did 
share as much as possible, when they were little, and we are still four grown-ups so we 
are still using a lot of water, especially as one member of the family showers twice a 
day, so I suppose yes, one has to say it’s still good value for money.
M3: It’s very difficult to know because you can’t compare it with anything, you can’t get 
your water from anywhere else short of sticking a tank on your roof and comparing the 
cost and even then you end up having to pay the charges don’t you.
J: Well I guess I’m talking about gut feeling.
M3: Well gut feeling is that it’s not awful is it?
M6: When you think of the number of people who have to walk two hours and get their 
water from a muddy stream, I think our water is very good value for money.
All: yes
J: So what if the price of water suddenly shot up overnight?
All: ahha!
M 3 :1 would want to know what I was getting for the extra money 
M l: yes, why was it going up!
M5: It would be for investment
M3: Well, if it was and I felt that it was something worthwhile then I’d probably be 
happy, but if I felt that somebody just plucked a figure out of the air and paid the 
chairman twice as much then....
M6: not if the powers that be were getting big fat salaries, no
M 5:1 do wonder who paid for the flood that was in London not that long ago, when the 
big bore pipe sprung a leak, you know, the big five meter one that goes right the way 
round London, now that flooded part of London for a while and I do wonder who paid 
for that. To be built and then to be repaired so....
M4: But it would be difficult to know what you could do if they put the charges up 
really because you don’t get a choice.
J: Well what do you think you would do, what would your first course of action be?
M4: write to the chairman of course.
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M5: Would you use less water?
M3: That hardly makes any difference does it? You’re already told not to overuse 
water.
M6: you can’t go without water
M 4:1 mean admittedly you can water your garden with bath water if you so desire, and 
I think when we had droughts one time I did, and you can have a water butt of course 
which I do
All: well we all do
M5: You’d use the minimum wouldn’t you, to keep healthy. Hygiene and health and 
safety and all that.
M4: I think I’d be pushing really for two types of water, a water for the washing and 
water for the drinking.
M5: And pay more for the drinking water
M4: yes
M6: I think I’m reiterating what I said before that it seems a waste of money to have 
completely refined water to water the garden and bath and wash the clothes.
J: So if the price went up do you think you’d start making demands for having a dual 
quality system put in place?
M6: Well it would have to be a general thing wouldn’t it, I mean one couldn’t do that 
individually
J: no, but do you think you would try and find a group of similar minded people to....?
M5: Well as a WI, as part of the WI with a quarter of a million members, if it was 
countrywide action we could lobby the government could we not? To get a fair deal, 
whatever that would be, as we do with other things.
M 4:1 think I’d also push for dual flushes 
J: Being mandatory you mean?
M4: well, certainly they should have them for new houses and maybe you should only 
be able to buy new lavatories with dual flushes.
M3: They don’t seem to work very well at the moment though in this country 
M2: [whispers] What is a dual flush?
M4: A quick flush for a wee....
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M l: W e’ve got a dual flush and it works extremely well 
M3: It works alright?
M l: yes
M3: because I get an awful lot of claims for stuck dual flushes where people have ended 
up wrenching the handles off.
M l: But there was a thing came out that said that the new cisterns are going to be a lot 
smaller so I don’t think they would work on a dual flush
M5: But they have been asking us to put bricks in haven’t they and this Hippo thing?
All: yes, we’ve got Hippos
J: Well I believe they’ve changed the building regulations to actually, because they’ve 
had so many problems with dual flushes, I think they’ve stopped them being made in 
favour of a reduced size overall, but I don’t know when or if that’s meant to be coming 
in, but that’s what I ’ve heard.
What are your views of provision of information from the water company, do you feel 
you get enough from them?
M6: yes, they sent quite a bit after applying for a water meter, they sent a lot of 
information about how much you use for each thing you use, you know, washing 
machine, dishwashers, loo flush and that sort of thing.
M2: yes and there was a little thing at the end of it saying if you weren’t satisfied with it 
you can have it taken away after a year at no extra cost, I mean it hasn’t cost us anything 
to have these meters put in so they must thing it saves them water.
M3: I don’t think I can cope with any more information from any more bodies, with my 
post each day, well, most of it I throw straight in the bin without even opening it, and I 
don’t want any more bumf. If there’s something important, yes, send me a large red 
sticker, but otherwise as long as it’s all going well, I don’t want to know.
M4: 111 second that! You have to read about three parts of your post and only about one 
tenth is any good whatsoever and its so much....
M5: With your water meter you do get all the bumf with the bill about new products? 
All: yes
M5: you do, so you bill is one bit of paper and there’s usually four or five other bits 
M2: like a leaflet that comes with it
J: Right, so you think there’s actually too much rather than too little?
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M3: It’s nice to have a number or to know that there’s somewhere that if you’ve got a 
question you can phone up and ask it, but I don’t really want to know what every person 
in Goring thinks about their water on a monthly basis.
M5: Have you noticed now that there are lots of numbers on the backs of all the bills, 
and you do have to be careful which number you ring to get through and the same with 
the water, certain problems require a different phone number.
J: So perhaps clearer, simpler information rather than more?
M4:1 think it’s better to have different numbers to have one number and then you get ’if 
you want so-and-so press one, if you want such-and-such press two and hold if you 
want something else’, and then you get the music, ooh!
J: So just the one information line is no good?
M4: No because you’re going to get all those problems all the time, so at least if you’ve 
got all these numbers you know you’re going to get through and that’s it.
J: That’s interesting because quite a lot of other people I’ve spoken to would like more 
information. On the sort of level of, OK you’ve got information about your billing and 
you’ve got information about how you can save water around the home, but would like 
perhaps more information about the management in terms of what the water company is 
doing overall in its area, would you like to know how that’s being run?
M2: I think as housewives, no, but the husbands probably would, they go into these 
things in great depth, they’re the ones who pay the bill!
M6: Well I went on a very interesting trip organised by the WI to the water works, not 
ours but the one at Farmore, but that was very interesting.
J: So would you want something along those lines in print?
M6: no they gave us plenty of information then, I wouldn’t want any more
M5: We had a speaker, do you remember, a speaker to tell us about our water
M2: He did also go countrywide didn’t he.
M5: Thames Water has got a....had a bad name for leaks, but I don’t think it’s as bad as 
some of the others now, I think it’s improved as a general feeling.
M 4:1 think as far as information is concerned, if there are any problems, then we would 
hear through the Goring Gap
J: This is the local magazine?
All: Yes
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M4: because someone is bound to write in and say they don’t like this and we should 
beware of that, so I think we would probably rely on them.
J: So you’re relying on the Grapevine rather than the official line?
M5: When they were going to do all this digging up, we had plenty of warning, didn’t 
we, we knew when our road was going to be out of action....
M2: Well, there was a public meeting
M5: In fact there was a lot of panic about it, but it did work out alright in the end didn’t 
it, so yes as a village I think we’ve been treated quite reasonably, partly because we’ve 
got it up the road, we’ve got there haven’t we, we can actually go and knock on the door 
or phone them up, we can actually phone them up and complain.
M3: It’s nice to have information about specific things isn’t it, but not generally, I’m not 
that bothered what happens in other parts of the region, just tell me if I’m in the middle 
of your new reservoir!
M5: We do hear on the news, research is the magic word isn’t it, they want more money 
for improvements and research into improvements.
J: How many of you are metered?
M l: Four of us are on meters and one of us on a well!
M5: Can I add to the bit about service, this is not in this area, but I ’m dealing with my 
aunts estate, and we had to ring up all the services to say a) she hadn’t been there since 
such-and-such a date and b) she’d died and the water board sent us the refund instantly - 
it’s not Thames Water, it’s under Surrey I think, but I was amazed, we had the fifteen 
pounds refund immediately so I was quite impressed, whereas the electricity board just 
sent us a bill saying you owe us eleven pounds, and we haven’t used any electricity so 
where’s that come from? It’s a standing charge I think, but the house hasn’t been 
occupied. So that was good.
J: Right, well the question I was leading up to with the meters is do you think every 
household should be metered and if so why or why not?
M5: M l can’t be metered can she
J: No I suppose not, but the rest of you?
M6: In one way it seems a bit unfair but because I live on my own I can get benefit from 
the water meter, whereas my daughter with three children, five in the household, if they 
had a meter no doubt they’d pay more.
M5: Well if you read the bumf that comes with the water meter it says that it will lower 
your bill, but I’m not willing to try yet.
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M6: Well it obviously will for one person
M 5:1 can’t control what they use, you know, what other adults use.
M3: It seems a little unfair to me to everybody in that the majority of the cost must be in 
the infrastructure, its maintenance, and not actually the water, it’s almost neither here 
nor there, but at the same time, ones own perception of it is that if somebody next door 
has had their sprinkler on for a week and they’ve five children taking their eleventh 
bath, why should one be paying for all that water, yet in my heart of hearts I know that 
the pipes cost the same, sewage treatment etcetera is the main part of the cost.
M4: I think perhaps anyone with all adults should perhaps be metered, I think people 
with children should choose if they want to be, that would seem fairer really
J: Because you think it’s more necessary to use water for children?
M4: well children shouldn’t be penalised should they? I think it should be their choice 
rather than a necessity.
M5: Also in this area we don’t have high rise flats, we don’t have the poverty that you 
might have in towns, we don’t have those problems, we’ve all got our own property, but 
in high rise flats I know there are problems, with poverty and lack of money, but they 
still need water.
M4: But I wonder if any of them think of having a water meters anyway, perhaps they 
would save money by doing so.
M3: It’s not always possible in flats
All: no, that’s true
M5: It’s simple to come to our front gate and put one in
J: Some people have said, ’well all other services are metered, why not water’, what’s 
your reaction to that?
M 3 :1 entirely agree
M5: Why was water never metered in the start? I mean I don’t know what the history of 
it is, gas has always been metered and electricity
M 3 :1 suppose we’re just used to it aren’t we
M5: So when did it all start? I don’t know
M l: Well the water rate when it started was very minimal wasn’t it 
M5: Ah the rates, that’s why, so you wouldn’t have noticed it
Page A-107
Decision-support for Sustainable Water Supply Management
EngD Portfolio Jason Collins-Webb
J: Which is why unmetered properties still have their bills based on rateable value.
M5: So that’s only ten years ago that that stopped
M3: yes, so it was linked to the rateable value, so larger more expensive houses paid 
more...
M5: ...whether there was one person in them or more
J: So, from having said that, do you still hold the view that perhaps it shouldn’t be 
metered across the board for certain people?
M 3 :1 suppose anything that makes people think about what they’re doing has got to be a 
reasonable thing, anything that’s dolled out free of charge or unmetered tends to make 
us wasteful, so form the point of view of making us think about what we use...
M5: But it should be choice, an informed choice
M4: Well, to a certain extent yes
J: If you assume hypothetically you are all metered and on a mains supply, if the price 
was doubled or trebled, what would you do on a practical level to cope?
M5: Stay at work! I would not be able to retire, to keep my sons housekeeping up, I 
don’t know!
M3: go to the lav in department stores!
M5: Dorothy, how does one react to a price rise on a fixed income?
M6: You couldn’t do much could you 
M5: It’s like the council tax isn’t it
M6: You could make sure you had a really full load for your washing machine instead 
of doing two or three small loads when you want stuff.
M5: It wouldn’t stop us using a washing machine would it?
M3: well it’s more economical anyway
M l: yes, because if you think of the amount of water you use to rinse by hand
J: The average washing machine uses about sixty or seventy litres per cycle - that’s the 
official figure on average.
M5: each cycle, and it does about seven or eight cycles
Page A-108
Decision-support for Sustainable Water Supply Management
EngD Portfolio Jason Collins-Webb
M4: yes but you use quite a lot by hand washing, you just think if you were doing sheets 
by hand
M l: Don’t!
M 4:1 would boil a kettle for washing up because it takes ages for the hot water to come 
through the tap and it wastes water.
J: yes, that’s a big problem, we have that in our house.
M l: Depending on where the hot water tank is
M 2 :1 think dishwashers are the biggest waste of water really, I’d give that up.
M5: Especially if you only wash up once a day
M l: it depends on how much you use it
M2: well I suppose you can stack it up two days
M l: We can stack it up for three days because there’s only two of us
M4: we only use it at the weekends
M5:1 haven’t got room for one, there’s no room in the house for a dishwasher 
J: How many of you water your gardens with a hosepipe?
All: no, not regularly
M4: from the butt
M l: Depends how much it rains
M5: W e’ve got seven water butts and we pump it up from the bottom one to the top of 
the garden, that’s hubby’s job, he likes playing with it, he pumps it up
M2: By hand?
M5: Oh, don’t ask me how he does it! It’s all laid in place, but I ’ve got seven butts full 
of water after all this rain.
M6: There’s no space for a water butt
M l: There’s a hole in ours so it won’t fill up anyway
M6: But I don’t water the garden very much unless it’s really dry
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M5: Well I grow vegetables which is why I water the garden, I think with flower 
gardens it’s not so important
J: Is that something you’d cut down on perhaps?
M5: We don’t use a sprinkler and I never use the hose unless it was really essential. 
There’s a certain time with vegetables that you can’t let them be dry or else you don’t get 
a crop.
J: The biggest problem is in the summer of course.
M5: Well, not necessarily, I grow all year round and you can have dry Autumns 
M l: and dry Springs
M5: And we have had dry Springs, yes, but our plan if we have another drought year is 
to put a tank underneath the floor of the garage and put all of our washing water into 
that, and that will be pumped up the garden, another little job he wants to do
J: That’s very innovative!
M5: But I have to say I can’t think of anyone else who’d do it!
M3: It’s quite common place on the continent, though isn’t it, I ’ve rented villas in Italy in 
the past with tanks bath water and washing water that you use for the garden, and it 
flushed the loo in one place as well, and certainly I ’ve siphoned the bathwater out in the 
summer straight onto the garden..
M l: There was a time when there was a drought and we were cut down on water and we 
put the bathwater on the garden and all sorts of things
M4: Well it was suggested you share your bath
M5: well, children did, didn’t they, but...I’d rather have less baths and not share 
M3: Oh, you went in turn did you?
M5: Only because I Wasn’t prepared to have the tap end. Smaller baths were advertised 
as well weren’t they, new baths were shallower and angled.
J: So getting back to the price issue, is there a point at which you say ’it’s OK so far, it’s 
OK so far’, and then ’no, it’s got too expensive’, is there a level at which you think it 
would be too much?
M4: well you can’t can you, it’s essential
J: But I’m saying a level at which perhaps you’d start writing to the water company or 
your MP saying look this is ridiculous, this is too expensive’.
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M5:1 suppose the short answer is yes, there is a ceiling, but I don’t know what it is.
M4: If it’s too far above the rate of inflation I suppose 
M l: But would you think about it?
M4: well if it was in the papers, yes
J: Some people in other groups have said that if it went above other household bills they 
would be concerned, do you think that is a good estimate?
M3: I have to admit I don’t know what I pay on the other standing charges, they just 
disappear each month, and as Dorothy says, provided there’s some money left for me I 
don’t bother.
M6: One does get very lazy when the money is not absolutely tight that you’re looking 
at every penny, you tend to get lazy about.
M4: As it goes out of his lordship’s’bank account I don’t even know what it is
M5: most of us live on a pension, you know, the old age pension, but I imagine if you 
are on your own pension it would be pretty dire
J: so we’re talking about the people who are going to worry the most are the people who 
have the least?
M5: My mother is in sheltered housing, and apart from the rent she only has to pay the 
electric, so the water must come in with it mustn’t it. So the rate still goes up, but it 
stays reasonable. But I have to say, anyone who has to live on a state pension wouldn’t 
survive, and there’s no way she would cut down on her electricity, so I don’t suppose she 
would cut down on her water
J: The next question is if water resources are becoming scarce, should there be more 
storage provided and if so who should pay and at what environmental cost?
M5: Farmore, isn’t that storage, to do with the reservoir, there was lot in the news about 
that - they didn’t want
M6: Whenever they start a scheme like that it’s always not in my back yard isn’t it.
M5: But we have to have them somewhere
J: Do you think there should be more reservoirs, if the water companies are having 
difficulty meeting demand?
M5: Are you talking about natural reservoirs now, like a lake
Page A-111
Decision-support for Sustainable Water Supply Management
EngD Portfolio Jason Collins-Webb
J: Well any really, yes.
M5: Not like the one here which is underground 
J: no.
M6: well it’s very difficult to make forward planning, I mean didn’t they make a big 
booboo up north when they built the Kielder reservoir thinking there was going to be a 
big increase in water usage and they built this enormous reservoir and they’ve hardly 
used it because the usage didn’t go up, am I right, I believe I am?
J: I don’t know.
M5: you mentioned Yorkshire, I mean what was the result of that? They hadn’t done 
enough storage, is that the result?
J: that was partly it, there was a whole series of management issues.
M5:1 mean the water was there, but it wasn’t being piped in the right town, or...
J: That’s right, it wasn’t properly managed, they didn’t allow the reservoirs to build up in 
the Winter.
M5: Right, well we don’t have that problem because we get our water from boreholes, 
and they’ve told us they’ll never run out, so we shouldn’t be complacent, but..
M 4:1 think they should be making sure that they are dealing with the leaks first, as long 
as people know that they are dealing with the leaks, then if they still haven’t got enough 
then reservoirs should be considered.
M l: There’s a lot of water lost through leaks isn’t there? Where the piping is old and 
damaged.
J: Do you think leakage should be given top priority?
All: yes
M5: Well when you see it running out on the road, you want to ring up don’t you
M 4:1 do think it upsets people to see the waste, and I don’t think it matters, they should 
deal with it whether it’s on your property or not, even if you have to pay the bill 
eventually.
J: Do you think they should try and cut it out completely?
M4: They’ll never cut it out completely, that’s pie in the sky 
M 3 :1 would certainly think they should deal with it quickly
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J: As an urgent matter?
M5: yes leaks a high priority
J: Do you think they should be dealing with leaks before encouraging customers to cut 
down on water usage too?
All: yes
M 4:1 think perhaps they should try and do it together and say ’we will try and cut down 
on leaks, will you try and help us’, try to cut down on water use.
J: Do you think environmental considerations should come above or below economic 
ones when dealing with water demand?
All: [chuckle]
M3: It depends on whether I ’m paying or looking doesn’t it 
M2: It’s a case of not in my back yard again isn’t it
M3: Well not really because I was thinking of the other way round, if they started taking 
water out of the Thames for example, it would be cheap just to start pumping vast 
quantities out of the river
M4: and when they’ve done that elsewhere they’ve dried up
M3: that’s right, they’ve dried up and at that point, yes environment would be a higher 
priority than the economic, although sometimes we look at this bit of the environment 
that somebody is trying to save and think ’I’m sure it’s lovely but...’ I ’d rather have the 
tap running.
M5: It’s easy for us to not worry at the moment because we’ve had so much rain, but it 
wasn’t many months ago when we were all beginning to wonder when it would next rain 
and replenish all the groundwater stores.
M3: It does seem like an awfully long time ago M6, because we’ve been having so 
many floods
M5: Well I know, so really it’s the underground storage that has come back 
M2: How far has it come back, do you know?
M5: Well we don’t know where the water table is at the moment, no, it must be pretty 
high, or it was
M6: It’s London that’s too high isn’t it
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M5: But we don’t have recycled water, London has recycled water, all big towns have 
recycled water, so we must be on the upper levels of water quality and amount of water 
that we’ve got available to us
M4: If it’s so new to us
M5: I mean we did worry, going back to environmental, we did worry didn’t we when 
they were doing the work down at Gatehampton when they were actually doing the 
boreholes, it was a mess, but now what has happened? Thames Water are replanting and 
they’ve offered hedging.
M2: after a lot of pressure
M5: no it didn’t happen easily, but now to walk down there you wouldn’t know really 
what was going on and environmentally it’s OK isn’t it.
J: So pressure has had to be put on?
All: yes
M2: do you know who’s pressurised, it was all in the Goring Gap, but I don’t know who 
put the pressure on
M5: Was it our amenity society or our Parish Council 
M l: I think it was the Parish Council
M5: So we have active community members, so environmentally, yes they did restore it 
but it’s taken a long time
J: So taking that example do you think that’s cause to be concerned about Thames 
Water’s activities in general, are they being careful about the environmental impact?
M 5:1 think they just need to be reminded that they haven’t finished the job, they haven’t 
put it back as they found it, but they have now.
M3: there seems to be environmental restoration built into these contracts, but there 
- never seems to be any maintenance of it, and the trees were planted at Gatehampton 
after the work but nobody watered them and within a year or two, half of them had died, 
and then it was an argument of Thames Water saying ’well we did the work that we said 
we were going to do’ but of course the result was not that which was expected by the 
community and in fact the new hedging that was put in was put in by the community, it 
was a joint project and it’s being watered by the community, and it would be better if 
local people were involved and some scheme drawn up to go perhaps two years after 
they’ve put these big contracts in to ensure that hedging/planting is watered, does 
survive or if it doesn’t is re-instated.
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J: When you’re using appliances or using the tap or whatever, do you think at the back 
of your mind about where the water has come from, the processes to treat it?
All: yes
M 5:1 think we’re generally aware
M l: I hate turning the tap on down, the hot water’s upstairs and it takes ages to come 
through and I always think, oh, what a waste of water!
M 3 :1 collect it in the washing up bowl and using to water the plants with
M4: Or do some hand rinsing
M 3 :1 think in the WI because we’ve been involved in projects with overseas people and 
we know the horrors that they have even getting a well with a bucket, and so we’re very 
grateful for what we’ve got
J: Do you think that’s a general attitude across the community or is it just you?
M 2 :1 think the women are more than the men.
M6: I am particularly because my son-in-law was involved with water projects out in 
Africa and I heard stories of how children had to walk a couple of hours before school 
in order to get water to take to school, and that makes you think.
J: Do you think there’s cause to raise awareness of this type in the community, to try and 
make people think more about water?
M l: Yes, especially the younger generation, because they are brought up with the
showers and the washing machines and all this stuff, and they don’t realise what it was
like before
M5: We have had one strike here haven’t we, January, February? We had a strike with 
water, I do remember it, our children were small, I don’t know, I’d have to think about 
what age they were.
M6: A lot of us were around during the war, and even before then, it was a general thing 
that you just didn’t use that sort of amount, you know, it wasn’t normal to have a bath or 
a shower a day 
All: no, once a week
M2: and then only four inches
M4: and you didn’t wash your clothes every day either
M5: So that was all to do with lack of ease.
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M l: yes my mother had to wash everything by hand
J: so how do you think that kind of awareness can be brought into the community and 
the younger generation?
M3: I don’t think you can unless they have a period without water or have to go and 
collect it from a bowser or a standpipe, then the hardships are brought home, but 
otherwise how do you tell someone about something that they will never experience.
M4: And certainly, unless they have meters, they’re not going to think about it at all.
M5: Well new properties have meters
J: But do you think meters are enough?
All: no, not really
J: Do you think a community can foster this attitude by the older generations 
encouraging the younger people to be more considerate?
All: no, not at all
M5: It’s something we work at in the WI to introduce a younger element, because a lot 
of what we do is informing ourselves, becoming informed about things
M3: I don’t think it’s just younger people though, one of my neighbours insisted on 
having their sprinkler going even during the driest summers and when it was mentioned 
she just said she didn’t care when the water ran out because she’d be dead anyway. It 
wasn’t a very good attitude, but there’s not a lot you can say is there.
J: Do you think there’s much the water company could do?
M3: Police could chop through her hosepipe!
M6: I think when we have had droughts there’s been a lot of publicity in the media to 
save water and if people don’t want to listen, they won’t do it.
M5: Streatley have had some water problems haven’t they? It wasn’t that long ago that 
they had a pipe put in and they were with water tankers so they experienced it, that’s just 
across the bridge.
M l: And education, I mean some children are willing to take it all in and do something 
about it but many children couldn’t care less and there not educated to care either.
J: Do you think something should be brought into school teaching?
M2: Well it would help
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M I: Whether it would do any good I don’t know
M5: It probably is in the curriculum in primary school, it’s teen years they forget it all.
M 4:1 don’t think there’s very much we can do, it’s up to the parents really, if they’re not 
interested, then the children won’t be, at least certainly until they’re grown up and have 
families of their own and have to pay the bills.
J: So beyond publicity and education, you don’t think there’s that much that can be 
done?
M l: no apart from depriving them of water 
All: you can’t
M5: I’d like to think there was a simple answer to that, but I don’t think there is
M4: unless of course you have a system where by once it reached a certain amount it cut 
off
M5: Like a slot meter
M l: You can’t do that because somebody might be in dire need of their water
M5: Well they’ve stopped cutting people off haven’t they, there’s been quite a lot of 
publicity about cutting people off, adverse of course.
J: Do you think you have enough say in how water is managed as a customer?
M2: To be honest I’ve never thought about it, we just take it for granted
M6: Do we want to interfere with it?
M3: well we pay for them to run their business in the best way that they can, I don’t 
expect them to tell me how to run my business, if they want my service they come and 
pay my bill at the end of it, I want their service and I tell them to get on with it as best 
they can.
J: But having said that the water companies are trying to encourage people to use less 
water, so in a way they are telling you how to run the business of your home, so do you 
think maybe you should be saying, ’well OK, but you’ve got to do this for me’?
M3: yes, I think we are, I think it’s come out quite clearly that people are taking a lot of 
notice.
M l: Do you think water companies are only interested in their own salaries?
J: You tell me!
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M l: One wonders
M5: W e’ve been made aware that the water companies have changed, I mean a French 
company run one area of water, we’ve stuck with the same, we’ve always been Thames 
Water or something similar. We haven’t had a new boss - so I do wonder how the other 
areas are managing. It’s hard to remember, you know, you get a whole spate of 
information on the news don’t you of water problems with drought two or three 
summers ago, and Devon and Cornwall were in a bad state weren’t they, one of the 
worst water boards was supposed to be the Avon area, I can’t remember the details, but 
ours came out quite well.
M3: I’ve got a holiday house in the South West Water region and the bills there are 
horrendous
J: Is that metered?
M3: yes it is now, since last Wednesday!
M5: Are their charges higher?
M3: Yes the charges are higher, well the problem is that they have an awful lot of 
coastline of course and there aren’t many people there except when the tourists are 
visiting, so they’ve got a real problem.
M5: yes, they don’t pay the water rates, they just use it
M3: but it’s noticeable the difference between Thames Water and the South West, and 
the efficiency with which they turn out which was none.
J: Are you suspicious how water companies use the money that they get from charges, 
since it does seem to vary geographically quite a lot?
M l: I don’t know
M4: I’ve never thought about it.
M5: If there isn’t water in the Thames basin, where is there going to be water? We 
should be in an easy area, shouldn’t we. When you think about Cornwall which is all 
coastlines and people aren’t going there to live, it’s not a growing population, therefore 
the money is not growing, it’s a static amount, it must be harder to run their business, 
whereas it’s growing in this area and their money is probably growing.
J: If for instance metering was to become universal, do you think that’s counter 
productive in terms of the water companies’ drives for profit, because if people start to 
try and control their demand and control how much they use, it goes against the grain of 
what the water company is trying to achieve which is to sell more water?
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M 3 :1 expect the cost per unit would just go up, so that they collect the same amount of 
money in the end, it may come in different proportions, but they’ll want the same 
amount
J: Are you concerned about the salary situation, what with publicity about ’fat cats?
M4: Well when you look at the football players and the pop stars, how does it compare?
J: But you are paying, in a sense, directly for that salary, whereas you are not 
necessarily paying for the football players or pop stars.
M4: They probably need more education to do what they’re doing
M5: We are told we are paying for their expertise
J: and you’re happy with the levels with which they are paid?
M3: well there is a market for these things, if it could be got cheaper I suspect it would 
be, but if you buy in cheap people, you often find in a few years precisely why they 
were cheap, so I think these markets do tend to balance themselves out, the only thing 
that concerned me initially is that many of these people were just taken on, or they sat in 
the same positions in the new water companies as they did in the old boards but they got 
very large increases, whereas if the water boards had gone out into the market to look 
for people from general industry, I don’t know whether those original people would 
have measured up for that salary when they were privatised, but obviously as those 
people go and new people are sought it will be an open market. The market price will 
be commanded.
[M3 leaves]
M5: I just hope they can train enough younger members up through the lower levels so 
that we’ve got the expertise in the future. It’s all very well paying a big salary if you’re a 
good businessman now, but he’s not going to be there for ever, you’re going to have to 
have people to follow him, not just business people, but people who know about water.
J: So the consensus is that you’re not that concerned about salaries?
M6: Well you need the expertise, and it’s got to be paid for.
J: Do you think that trying to control demand is perhaps an infringement on people’s 
rights?
M6: no, I think we have possibly been brought up to think that water just always comes 
out of the tap, but when you think about it, you’ve got to realise that it’s a privileged that 
we’ve got water and therefore we pay for it
J: I suppose that comes back to your involvement with overseas projects?
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M5: yes, I think we are aware. Also, we’re not non-payers, we do pay up, we’re in an 
area that’s probably quite good for paying our bills. I think a lot of firms do lose out 
from people who don’t pay, and a lot of money is lost trying to get people to pay their 
bills, chasing them up and paperwork, so when you talk about wastage, there’s wastage 
there too, and I don’t think some people are aware of how they should make some 
payment towards their water, they think that it should perhaps be free.
J: Why?
M6: because it used to come in with the rates too
M 5:1 don’t know why people think like that, but I do listen to the magazine programme 
on Radio Four a lot and I am made aware that there are a lot of people who don’t pay 
their bills, and there’s a lot of money spent chasing up after them, in an ideal world 
everyone would pay up on time, but we don’t live in an ideal world do we.
J: In terms of this community, do you think most people are happy to take advice on 
how to cut down on their water use?
M4:1 think a good percentage of people would be yes
M5: People would resent being told tough, you can only encourage
J: So you don’t think water companies should take more drastic measures?
M5: No, but I am aware of how difficult it is
J: So a process of education?
All: yes, that’s it
M2: You always get some people who are prepared to listen and do something about it 
and others who couldn’t care less, and you can’t convert them I don’t think, it’s very 
difficult
J: But do you think for those people who won’t listen, do you think more draconian 
measures could be used?
M4: Well it depends on how much they were going to spend on these measures, they 
may not be worth it
M6: And what could you do? For health reasons you can’t cut the water off
M 4:1 suppose if you use a large volume of water you could charge more over a certain 
amount
J: Stepped charges?
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All: yes it’s a possibility
M l: depending on the number of people in the house 
M6: yes
M 4:1 think it depends on the income, I mean anybody perhaps who has a lot of children 
perhaps shouldn’t be in that position, but even so if they can actually afford it why 
shouldn’t they pay?
M5: Well, you can get a rebate on your council tax can’t you and when your water rates 
was in with the rateable value, you did get a rebate if you lived on your own or your 
circumstances were such...
J: Do you think people would accept a stepped charge?
M4:1 think they would
M5: So many litres at such a rate and then the rest at a higher rate
J: How would you determine the level at which the charge would change?
M l: Difficult because if you had ten children because of lack of education or 
intelligence to stop you having children
J: Is it intelligence?!
M l: yes, I mean some families have loads of children because they couldn’t care less, 
how would you deal with them?
M5: Yes, very difficult. I don’t know whether you know, but they are sending a letter to 
everybody who put in a planning application in the Thames Water area. If you put in a 
planning application, never mind whether you took it up or not, you are going to have to 
have a water meter, a letter came the other week, and fact of whether you take up the 
planning is neither here nor there, they deem that you have changed the rateable value 
of your property, so we wait and see.
J: So presumably there’s a minimum health level you would need?
All: yes
J: So do you think the stepped charging should be applied just to people who use garden 
sprinklers?
M5: There’s already been a charge for a sprinkler hasn’t there, I don’t know what it is 
now
M4: Is it that you have to be given a meter?
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M5: no, you’re supposed to tell them, suppose to declare 
M4: Because we haven’t got one so I don’t know
M6: I’ve never used one, but I think it was up to you to declare that you had a sprinkler. 
M l: Yes, they couldn’t force you to declare
M5: I don’t actually know anyone who has one, not in our road. Oh, yes there is one 
person who has one, yes
M4: there are several in our road
J: Do they tend to leave the sprinklers on all day?
M5:1 think it’s for a short time
M4: Well one person uses it quite a lot.
J: Do you think that people that use a lot of water in the garden would accept advice and 
encouragement to cut down on water use?
M5: Well they’ve been giving out free water butts with our council tax haven’t they, is it 
free or half price water butt?
M2: no it’s a composter
M5: Composter, perhaps it was a water butt last year, but it’s a composter this time is it? 
Sorry. So that’s one way of doing it.
M l: What about people who live in flats, they don’t have gardens do they?
M5: Well that’s to stop us from filling up our rubbish bins so much isn’t it, if you have a 
composter they work on the principle that your bin will only be half full, and it probably 
wouldn’t smell so much either.
M l: But what do you do if you’re in flats, high rise flats?
M5: Ah yes, well that’s a different story, I don’t know how they collect rubbish in high 
rise flats, don’t ask me I’ve never lived in one, we’re rather restricted here.
J: What about technology, with your washing machines and your dishwashers, do you 
think manufacturers should be trying to make them more efficient in terms of their 
water use and who should be encouraging it?
All: yes, the Government
M5: and they already have with the washing machines
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M4: yes, but they’re always dearer aren’t they
M5: you’ve got to pay for technology, for research, like he’s doing, it costs money 
whether you like it or not
M4: yes, but it’s the families with lots of children who can’t afford to buy ones that are 
going to use less water
J: So is it down to market forces?
M4: well no not really, I don’t think it has much of an effect, perhaps really the 
Government should be pushing for this.
M l: yes, insist that that technology should be improved
M5: It should come under one lobby or minister, environmental or something.
J: And you’re saying that perhaps they should set standards for all appliances, or are you 
saying that manufacturers should at least provide one water efficient device in their 
range?
M4: well if they already do them, I think perhaps they should phase out the others and 
then presumably they would come down in price
M l: It would take time because you have an appliance and you hang on to it, you’re 
never going to get a new one
M5: There has been publicity on washing machines
J: Do you think water companies should be offering financial incentives to encourage 
people to buy more water efficient appliances?
All: yes
M5: The same with showers, more information on economical showers because when 
you go to buy one, you don’t always know what to get, you don’t know which is best for 
the environment.
J: So something to help with information when you’re choosing something as well? 
Perhaps a labelling system?
M5: yes that would help
J: How many of you if you were replacing a washing machine or something would go 
out and specifically look for one that uses less water?
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M5: A lot of people use Which? reports. From the library, a couple of people today 
were looking at washing machines in the Which? report and I presume they have a 
column which tells you if they use less water or are environmentally friendly.
M6: the trouble is that if something goes wrong you’ve got to replace it immediately and 
you haven’t really got the time to do the research on it.
M l: And again, some people go for the price.
M5: yes, it shouldn’t be the only thing though should it. Perhaps the Government could 
get them to get together, firms that make appliance that use water like washing 
machines, and dishwashers and showers, perhaps there’s a way forward.
J: Is that an urgent thing?
M5: yes I would have thought so
All: yes
M5: It’s like if you bought a gas cooker, you wouldn’t want it to be costing you more to 
run it than the old one, and older ones always are more wasteful, old electric cookers are 
renowned for using more that they should.
J: What about recycling water in the home, is that something you would consider?
M4: well I saw a machine advertised that sounded wonderful, but it was going to cost
five hundred and fifty pounds and it said it would save you about half on your water
bill, well I thought I’m not sure I want to spend five hundred pounds.
M l: How long would it take you to make back the money?
M4: Well I suppose it wouldn’t take that long, but I don’t know that I want to be...I mean 
that’s how much they said it would cost, but how much would it cost to fit, they didn’t 
include the fitting, so.
M l: or how much to run, if it uses electricity
M6: You can recycle a certain amount of water but things like bathwater, unless you’ve 
got some system whereby you can keep the water
M l: yes, because it goes straight down the drain
M6: exactly, so it’s not that easy to recycle water.
M5: I use my vegetable water on the garden, all the water I use to wash vegetables, even 
if it’s raining.
J: Do you think people would be happy to contemplate recycling?
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M l: not many people would even think about it
M4: well it’s alright for a little while, it’s a novelty, but after a while it palls 
M5: you get back ache carrying it
M4: then of course you’ve got your bucket and carrying it downstairs or something 
M l: yes, dangerous
J: so would you like to see systems or devices that you can install relatively cheaply 
available?
M4: well I’d consider it
J: you said five hundred and fifty pounds is too much, what sort of money would you be 
prepared to spend?
M4: well I wouldn’t say that was too much, it might be alright if it was installed, but as 
with most things it starts off alright and then can double the cost by the time you’ve got 
it fitted
M5: and there’s the running and maintenance of it. There’s no easy way to recycle our 
water in this country, I don’t know if it’s done anywhere else, I don’t know what places 
like Switzerland do
M l: They’ve got plenty of water, they’ve got mountains with snow on them
J: I believe they are doing trials in California, what they are using though I couldn’t tell 
you off hand.
M5: W e’d be interested I suppose, wouldn’t we.
J: Do you think technological fixes such as water efficient appliances are an answer to 
water demand issues, or do you think a cultural shift is also needed?
M5: well it’s a start, definitely in the right direction, because it’s an every day thing, 
water, so if you’ve got the right equipment you will obviously waste less on an everyday 
basis.
J: do you think that the process of having more water efficient devices in the home will 
make people think more about the water they use or should it happen the other way 
around?
All: The other way round definitely
M6: Once you’ve got your device fitted you take it for granted
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J: so again it comes back to an educational process.
M2, M4: that’s right
J: So who should take the main responsibility to try and increase education?
[pause]
M l: television?
M6: yes, the media tends to have the most clout to some extent
M5: but not just television, I’d imagine using wall hoardings would be quite good
J: and should the government pay for this or water companies?
M5: I would presume it would be partly the water companies, but it could be partly 
something else as well.
M4: well I think it should be the water companies 
M5: but that means us.
M4: well yes, but in the majority of cases that’s true anyway isn’t it, if the Government 
pays we have to pay too don’t we otherwise where are they going to get the money 
from?
M5: You’ve asked us about Government and you’ve asked us about ’fat cats’ but I worry 
about shareholders demanding more than they need
M4: I don’t think the shareholders demand more than they need, they accept what 
they’re given
M l: yes
M4: and sometimes with surprise!
M5: Well in the media it used to be otherwise 
M4: well I don’t think that’s necessarily true
J: Do you think the Government is doing enough generally to try and raise awareness of 
the impact of water use and the environment?
M l: no
M 2 :1 don’t think they’re doing much at all 
M5: We haven’t had anything recently have we
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M6: When there’s a drought, then they start
M4: Well I don’t think anybody is particularly interested until there’s a drought 
J: So it takes and extreme situation 
M5: yes and emergency
M4: so there’s no point in wasting their breath really
J: getting back to leakage, on private property, should that be a customer issue to sort 
out?
M4: well no
M l: wastage is wastage wherever it is
M4: It’s still being wasted and it seems to me that if you’re on a water meter then they’re 
doing very nicely thank you, so they’re not going to bother.
M5: They have special teams coming out don’t they? Do they have special leakage 
teams, is that what’s supposed to happen?
M6: They’re supposed to have
M4: but is isn’t always Thames Water, it seems to be sub-contracted
J: Are you happy that it’s ultimately the customer who pays for any intervention or the
Government makes?
M5: well if there’s a leak in your road, say a main, and the water’s gushing out, you 
really don’t have any power or pressure, you don’t have any water, so you really need 
their help to come out immediately to sort it, whoever’s fault whether it’s been caused by 
a car accident or whatever
M l: you’re saying who should pay?
M5: We’re going to pay whatever happens in the end aren’t we
M4: yes but you’re not going to pay in big lump sum, it’ll be spread out
M5: yes, through our bills eventually that’s what I meant - they gave us no 
compensation I know that much
M4: yes but if it’s on your property then I think really it should be spread amongst all 
the customers because unless you’ve done something really stupid it’s not your fault
M5: yes it’s probably old piping that’s caused the problem anyway.
J: do you think that perhaps grants should be provided to help people?
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M4, M5: yes, possibly
M6: But then we’d probably up to the grant body
M5:1 don’t know what grants are available for water situations
J: What would you do if your water supply was restricted in some way, not through an 
emergency but on purpose for a certain period of the day for example? 
all: we have had that
M6: you’d fill up all you containers, and you’d get your priorities sorted out so that you 
store it when the water’s there, it would make you think about water.
M4: you would probably waste more
J: why?
M4: Well I think it probably would because you’d fill up many more things than you 
actually needed just in case
M l: And what are you going to do on the first of January in the year two thousand? Are 
you going to go round filling up baths in case the electricity cuts off
M2: W ell all be coming up to you 
M l: no electricity, no water
J: Do you think it’s a reasonable thing to do if there are problems with water resources 
to restrict supply?
All: yes
M4: provided everybody knows
M2: yes they should be notified well in advance
M5: Well when they do work in your area, they notify you so yes, but if became a 
regular thing I should not like it at all
All: no
M 5:1 can’t bear cleaning my teeth in a mug of dirty water, I like my teeth cleaned under 
a running tap and I’m very aware of the wastage but it’s my one luxury
M 2 :1 agree with you, I like to clean my teeth with running water
M5: There’s nothing worse
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M l: if you’re in a caravan out camping you have to do that
M5: Oh I hate camping and caravanning for that reason, I like running water! I don’t 
like communal showers
M 2 :1 must have the running water and a flushing loo when I go away.
M l: I must admit when I ’m cleaning my teeth I turn the tap off while I’m brushing, to 
save water
M5: you’ll wear your tap out, you will, then you’ll have to pay for a new tap!
J: You were mentioning how poorer members of the community might have difficulty 
with bill increases, do you think the wealthier people should be paying more to help 
subsidise the lower income families?
M l: That’s a difficult one
M5: I’m sure we do in some ways
M4: Well I suppose people who aren’t on meters probably do because they live in larger 
house so it’s still based on the rateable system so they probably do.
M5: There can’t be a perfectly fair system can there
All: no
J: Do you think that that aspect of the rateable value for larger properties should remain 
intact so that the extra money is there to help the poorer people?
M6: well it’s very difficult isn’t it because you always get the situation where it’s fine 
when the larger properties are occupied by the large wealthy families, but then you get 
situations where there’s just one elderly person left from a family on their own and in 
difficult circumstances.
M5: I wonder whether you could tax bathrooms, because houses with three bathrooms 
would be expected to use more water, but if there’s only person in there they can only 
use them one at a time.
M 4:1 think it would be wrong really because after all everybody should have water and 
it’s not fair to penalise people just because they’re wealthy
M l: and anyway, just because you’ve got a large house doesn’t mean you’re wealthy
M5: So the wealthy shouldn’t be penalised and the poor shouldn’t be penalised, so 
somehow. It’s the workers who pay
Page A-129
Decision-support for Sustainable Water Supply Management
EngD Portfolio Jason Collins-Webb
M4: well the chances are that the wealthy have staff so consequently, well if they have 
really big houses, the chances are that they are going to have people in to do things so 
they’re probably going to be using more water anyway, so they probably pay more in 
the long run.
M5: one thing you haven’t mentioned is business rates, people using water in business 
J: Well that’s because I ’m focusing on domestic demand.
M5: Oh sorry
J: What were you going to say about it?
M5: well I was just thinking that in our village we do have a certain number of offices 
and businesses and shops, and their water rates must be quite high, on the grounds that 
perhaps some of them do use more water because there’s more people working in the 
building, or maybe it’s a cooking environment, like a cafe or restaurant
M4: unless of course they have water meters, if they’re not using a lot it may pay for 
them to have a meter
M5: It just made me thing they must use a lot more water than an ordinary house, 
perhaps there’s a business rate I don’t know.
J: I think they do tend to pay more but they are a small sector of total water use.
M6: and they have frequent hand washing, but they don’t have baths and dishwashers 
and so on
M2: and we don’t have any industry that uses water all the time do we
M4: one thing we haven’t mentioned is taps dripping, I wonder whether perhaps they 
ought to have a special service repairing them
J: I believe they are doing.
M5: Well we have several good plumbers in the village, we are lucky.
M4: yes but people don’t bother do they 
M5:1 can’t stand a dripping tap!
M4: we have a dripping tap nagging to have it repaired
M l: we had a dripping tap and a maintenance man was called and eventually came, and 
all he did was turn the water pressure down
M5: So didn’t he replace your washer?
Page A-130
Decision-support for Sustainable Water Supply Management
EngD Portfolio Jason Collins-Webb
M l: he said he had, but now we’re alright because web have another chap and they do it 
properly
M5: M l’s in rented property so it’s a slightly different angle to who you call out
J: Thames Water have started trials where they will do a water audit, they will come 
into your home and assess all your water using fittings and at the end of it say what’s 
wrong and repair certain things like dripping taps, is that something you would use?
M5: well yes, if you come home to find a problem, the first thing you do is ring up you 
friendly plumber, and maybe your husband can do the job, but he might not know what 
is needed. We had a ballcock upstairs, I just remembered about that. I’m lucky I’ve got 
a husband who’s prepared to do it, but others haven’t or husbands are away or whatever.
M l: Or they don’t know how
M5: That would be rather good if that were advertised. Women on their own must need 
a lot more help than obviously family situations where you’ve got men in the family 
who might turn a hand to it. I can’t even turn the water off, I don’t know about you, it’s 
terribly hard, and when it’s off, I can’t get it back on again and I get panic, I can’t bear it.
M l: and if you haven’t used it for a long time you think where the heck is it?
M5:1 think it’s due to the hard water that it gets so gunged
M4: can’t you put Vaseline on it?
M5: You can’t turn things when you get older, I can even get the lid of a jam jar now, 
I ’ve got a gadget to do it.
J: That’s a point actually, do you think the water company should be taking extra special 
care of the elderly?
M5: and people on their own, yes, because there’s nothing worse than coming home and 
finding a problem and being the sole person to have to deal with it. Yes I know we’ve 
all got phones, but you’ve still got to do it haven’t, you’ve still got to find the right 
number to get a reliable man around, we’re always hearing about someone being conned 
aren’t we. So that would be a help, to have some reliable contacts.
J: Finally, what would make you feel happier about the way in which water is managed 
generally currently - 1 know M l your situation is different?
M5: You’ve never run out M l?
M l: no, only if the electricity goes
J: Who would you turn to if something happened to your water?
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M l: W e’d have to go to the landlady, though this new company is very good.
All: well I think we’re all fairly satisfied 
J: M6 you mentioned having a dual system 
M6: yes well I think ultimately 
M4:1 think they’ll have to do it eventually.
M 5:1 don’t know how they’d do that though
M l: well you’d go back to the old system where you had drinking water and water for 
everything else
M6: I think that would be much more sensible and then you wouldn’t have to spend all 
the money purifying everything
M5: yes because in some areas it takes longer to purify, whereas here it’s a very simple 
process they tell us, it’s virtually drinkable as it comes out of the ground because of the 
depth of the bore and the clarity of the water, that’s the first thing he told us when we 
got that talk, that we’d got one of the best water supplied in the country, and we all sat 
back and sighed in relief. But obviously if we moved house or something, what then?
J: Do you think about other parts of the country?
M5: when it’s on the news, or relatives
M4: When I think of my father in law up in Liverpool, he lives in a small house and he 
shares the water with about four houses and he’s the last in line, and it used to be alright 
before people had their washing machines, but of course when they use their machines 
or have showers, the pressure is absolutely ridiculous, it sort of dribbles out.
M5: are they going to change it?
M4: Not as far as I know
M5: that’s the old system you see, it used to be around a lot.
J: Are there any other comments?
M2: Until tonight I don’t think we’d thought about it in such depth before
M6: The more you think about it, the more you realise how lucky you are, you can turn 
a tap and there it is.
M5: But leaks and repairs, leaks and maintenance are important and Thames Water 
should consider what they can do.
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M 6:1 mean leaks aren’t so bad because the water just leaks into the ground and it can be 
recovered, it’s not lost completely, not like electricity
M l: are there any plans for saline water to be purified?
J: Well they are looking at it but it’s an extremely energy intensive process, and they do 
it in the middle east because they have no choice.
M6: it’s only the Arabs that can afford it
M5: Seven different procedures of something I was reading about.
J: Technology is being developed, and they can now do it using half the energy they 
used to need.
M5: Because one does feel sorry for Cornwall and parts of Scotland, even East Anglia.
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3 HR Wallingford employee focus group style interview
Interviewer = J
Member 1 = M1, Member 2 = M2, Member 3 = M3, Member 4 = M4, Member 5 
= M5___________________ ________________ _______________________
J: First Question - 1 assume you are all within the same water suppliers region, Thames 
Water?
M l : I ’m not
J: You’re not? OK, well, can I ask first of all what your views are of the water supplier 
in terms of quality, how do you feel about the quality itself?
M2: I think the quality is very poor, I think the quality has got poorer and that 
corresponds with Thames Water ???? over the years, in the sense that the calcium 
content has steadily increased, to the extent where certainly on this side of the river, I 
don’t know about..., I have a feeling Wallingford is slightly better, but certainly this side 
of the river we have a lot of problem with calcium deposits in kettles, in coffee, to the 
extent that about five years ago we decided to put a doser on our water supply, so we 
actually dose it, we don’t soften it, we dose it as it comes into the house. And we also 
filter the dosed water that we then boil in the kettle for coffee and tea. It’s very 
noticeable that the sure sign that the doser needs replenishing is we start to get white 
scum on the coffee, so we know the doser needs replenishing. I have to say that twenty 
years ago, it was not like that, it’s definitely got worse.
J: So the hardness has increased?
M2: It’s definitely increased, particularly over the last few years. My suspicion was that 
when Thames Water opened the Gatehampton Aquifer pumping station, the seemed to 
be a step change and it got worse, I could never get them to admit it but, that’s my 
suspicion.
J: Anyone else?
M3: Yes, I ’m inclined to agree. W e’ve had to replace a shower and this one’s not even 
four years old, this was about two weeks ago, it had completely furred up, and we just 
couldn’t use it anymore, and we also have a lot of washing from the kids, so we’re doing 
lots of washes during the day, and we had to run... well I’ve timed it, fifteen minutes I 
ran the tap and it still didn’t clear, and that wasn’t even a month ago - 1 wanted to try it, 
to see how long it would take to clear the water before it stopped running through, well 
it’s literally white
J: Visibly?
M3: Oh, yes, visibly white, and it took ages, I ’d say fifteen minutes well as I said 
because I timed it because I thought it’s got to [clear] and I had the tap on, not full, but I 
had the tap running so that the water would hopefully get better.
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J: M4?
M4:1 agree, I ’m on the other side of the Thames and we have just as much of a problem, 
and it’s so desperate now that it does concern me because of all the equipment in the 
house that the water goes through, including the central heating systems, and I’m sure 
we’re paying out an awful lot more money on maintenance nowadays due to the hard 
water. As far as drinking the water is concerned, I ’ve no other fears about drinking it, I 
mean you always get this conflict in views on whether it’s good for you or bad for you 
with the extra hardness. I personally have no fears from drinking the water straight from 
the tap, but it does concern me, the hardness of the water.
M5: We had a similar problem and we had to replace a shower, just the head of the 
shower, which was clogging up from the hard water, and for cooking and drinking I 
always filter the water because of the taste and you also get scum on the surface of tea 
or coffee.
M2: Is that in Wallingford?
M5: In Oxford
M l: Well I come from an even harder area on the South Downs which are chalk, so 
yeah, hardness is the big problem. But I’d also agree with M4 that in terms of, shall we 
say giving the water to the children and so on, I have no problems with the water 
quality, purely water hardness.
J: Right, so there’s no issue with chlorine?
M l: Chlorine or fluoride - I ’m not even aware that it’s in there.
J: It’s just that other people in other groups have raised the issue of chlorination as a 
potential problem.
M4: There is one other issue I wanted to add there, I think it’s a very big point, to do 
with eczema, because that’s increased terribly. Now in this area, I do suffer - 1 am an 
eczema sufferer and I find that if I go away for a week or even a long weekend to an 
area where the water is softer that my skin is an awful lot better. So I think the hard 
water has a large effect on eczema sufferers.
M l: There’s some research that proves that now
J: That’s interesting because I’m also an eczema sufferer, so that may explain a lot of 
things. Well, allied to water quality, what about the quality of service that you get from 
your water supplier, because that’s something I think people feel quite strongly about.
M2: My experience of the quality of the service has been quite good, in terms of 
delivering the supply, certainly whenever there’s been any problem with the functioning 
of the supply Thames Water come out very quickly to fix it. We had a burst in Thames
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Mead only a few months ago, this was in the afternoon, and they were out within the 
hour and digging the road up and sorting the problem. I think in general in terms of 
continuity of supply and response of that kind I think they’re very good. Going back to 
the correspondence I had with them about the water quality, I think although they have 
service standards about ’we will reply to you the next day’, the reply says we’ve got your 
letter and someone else will reply to you in due course, and so I’m less satisfied with the 
quality of response that you get from the correspondence end and I ’m very dissatisfied 
with the quality of accounting and billing, and I had a long correspondence with them 
last year about it because I thought it was in a mess, but that’s another issue.
J: Well, you presumably wrote to them about the hardness issue, have you had any 
response?
M2: Yes, I got a very bland response, the kind of response they might hope to get away 
with a non-technical customer, which I don’t accept and in fact it ignores the questions I 
raised.
J: And did you re-write to them?
M2: Yes I wrote to them twice, but you get fed up in the end with getting nothing really. 
J: M3?
M 3 :1 can’t really make any comment, I ’ve never had to speak to them 
J: Right, but do you fell you get a reasonable service?
M3: Yes, yes.
M4: NO, I’m happy, I don’t have a lot of need to come into contact with them, but I feel 
at ease that if there were any problems, if I had to contact them I’d feel somehow at ease 
about it, that they would react, jump.
M5: Yeah, I ’ve not had any problems dealing with them. Recently we moved house and 
they actually made the transition of accounts and settling up very straightforward, and I 
was surprised at how helpful they were, one thing they did say when we moved out, we 
had to read... the house we were moving from had a meter, but we couldn’t get in to 
open the hatch to read the meter, so they had to sort that out, so it was a bit unfortunate 
that there was a meter there but we couldn’t take advantage of it.
M l: I ’ve had only two occurrences of water supply problems; one was similar to M 2’s 
except was yours a mains that had gone?
M2: Yes
M l: because we noticed that after they had come out and fixed the mains but part of the 
problem was that it was between the mains and the stopcock
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J : your problem or there’s?
M l: it was the stopcock to our property was our problem, and there’s a pipe in between 
the two where the rate of water... they came out and checked it, and they said the rate of 
water leakage was so low despite the fact that our drive was under water, it wasn’t a 
priority [to them] and it took them about three weeks to fix it. But the second time was 
when we moved last time, and when they put the water meters in they were one house 
out, so we were receiving the water bill for the house next door which was brilliant 
because they were a couple and we were a family, so we thought water meters were 
brilliant. Unfortunately, they fixed that. I noticed they were very prompt in sorting that 
one out.
J: When you had the leak problem, was this before the Government made this big issue 
about leakage control?
M l: It was about that time there were the big controversies - this was Southern Water, 
but yeah, it wasn’t classified as an emergency and also because it was the other side of 
the stopcock, they took their time in fixing it.
J: Do you have any feeling about how they would have responded if it had been on your 
side of the stopcock?
M l: It would have been their problem, they’d have come an fixed it 
J: You think they would have acted faster?
M l: I suspect so, probably within two or three days of the call depending on their job 
sheet
J: Can I ask how many of you have a water meter on your property?
M 2 :1 have a water meter, I switched to a water meter about a year ago.
M3: They’ve been writing to us telling us we must have one, no, we WILL have one I 
think were the words, so we haven’t got one yet, but we’re going to have one.
M4: no
M5: no
J: OK, so that’s three of you without. So what do you think about value for money? 
Maybe your water bill is not the highest bill you receive, but do you feel you get good 
value for money from it?
M2: I think it has to be for what you get to be honest, I mean we all complain about it, 
but if you compare with what you pay for electricity or gas which are also essential 
services, I think it is good value for money.
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M3, M2, M5: I’d agree
M l: Having worked in the water industry for five years, yeah it is reasonably good 
value for money, but there are still things that go on that shouldn’t.
J: Such as?
M l: {smiles} on tape? Come on! I ’ve seen many millions of pounds wasted.
J: So management type inefficiencies?
M l: yes, but I think that’s definitely changing with closer and closer price squeezing, 
but there are also games played, for example, I used to work within the water company 
to gain them consents to discharge, but on a number of occasions I was told to basically 
disagree with the Environment Agency, spin it out, and see if we could get a couple of 
years delay in the capital program caused by the EA, because we keep the money in the 
bank, and one of my biggest jobs was preparing something called value of work done so 
you knew how much investments they had to liberate to pay their bills, and that was the 
most important job that I did. It’s all to do with financial manipulation - they make 
more money out of their investments than they do running the service.
J: Do you think water companies provide enough information to their customers about 
what they do and the internal workings of the company?
M l: Yeah, not too bad, though not too much on the internal workings with the games, 
the financial games that they play.
J: Well on a more general level perhaps about what services are available.
M l: Well, coming from the perspective of why are your bills rising, inform the public 
of what the new expectations are, what the planned investments are, how they’re 
improving the environment with respect to sewage, yeah.
J: Do you think that’s enough?
M l: Yes, it would be too involved and difficult to present otherwise 
J: Right. M5 are you happy with the amount of information you get.
M5: Yeah, I think so 
J: M4?
M4: Well I suppose the only thing to say is you get the same information you get from 
any other service industry, and if you’re going to say you’re uncomfortable or unhappy 
with what you get from the water board, then you got to say your uncomfortable with 
what you get from everything else, so they’re no better and no worse than anybody else.
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M 3 :1 can’t really contribute any more than that.
M2: I think we’re in a slightly privileged position here because we have a lot of inside 
knowledge, so it’s somewhat difficult to objectively assess do we know as much as we 
should know - we probably know more than the average customer who just receives a 
little booklet with their water bill. I would have thought that what you get as an average 
consumer is adequate. The last thing I want is wallpaper coming through with bills.
J: Do you think every house should be fitted with a meter?
M2: That’s a good question.
M4: Come on M2, you’ve should be prepared for this you’ve had that going for a couple 
of years!
M2: I opted to take a water meter for two reasons: one, that it was clearly going to be 
cheaper for me to do it because the fact that my family are largely grown up and don’t 
use a lot of water I was sure that I’d save money - 1 have saved money, and the second 
reason, I felt on principle that we should treat water as a resource anyway, as an ethical 
thing, I thing we should be moving towards doing that so that we value it as a finite 
resource and not something that is there all the time provided you pay your subscription. 
So I think in principle, yes I think it would be better and I think it’s right.
J: M3 you sounded as though you were a bit...
M3: Well no, I think in principle everyone should be metered, it’s just the way we were 
approached. We had an extension on ???? after 1990 which was after the new 
community tax came in and we received a letter about six of seven months ago telling 
us that we will be having a water meter, because we had an extension after a certain 
time, 1990 I think it was, so... Basically what they were saying was that because we put 
an extra room on our house we had to pay, we had to have a water meter fitted. But our 
argument is there’s four other houses, a row of four and none of them have water 
meters, and they all have bathrooms - basically what our extension did was give us a 
bathroom, it wasn’t there before. So they’re all two bedroom cottages all with a 
bathroom, and if we have a water meter fitted, we’ll be the only ones along the road with 
a water meter. We just didn’t think that was particularly fair, but we plan to move 
eventually and if we move and the other house has got a water meter, then that’s fine. 
It’s just the way we’ve been approached. I can’t tell you any more than that - that’s how 
far we’ve got, they came round to survey the property but we weren’t in at the time.
J: So are you actually trying to oppose them?
M3: Yes, because if they’re going to put a water meter in our house, why aren’t they 
going to put water meters in the other houses - 1 don’t have a problem with it, but let’s 
do it fairly.
J: yeah. M4?
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M 4:1 can say that I think they’re still a fairly ???? I don’t understand from the people I 
know that have had extensions done, everybody whose had an extension done have been 
put in the same position as you, for some reason they’re able to get hold of... well 
planning applications are made public anyway, aren’t they?
M3: yes but my next door neighbour who had their extension done the year before then 
that means they don’t have to have a water meter.
M4: All I ’m saying to you M3 is I don’t know the whys and the reasons for, all I’m 
saying is that I know other people who’ve had extensions done and they’ve been put in 
the same position as you.
M2: I think it’s just a change in the legislation, there’s a date at which all new buildings 
have to have water meters fitted and you were the wrong side of that.
M3: Yes, but it’s not that, it’s the way that they approached us
M4: there’s a way and a way isn’t there?
M3: yes, it was very unfriendly, threatening almost - I wish I’d brought it in, I could 
have shown you.
J: In a way, that relates to quality of service doesn’t it?
M3: yes, I suppose it does.
M4: Well my opinion on water meters, I’ve found it very difficult to come to a decision 
about it, because in a sense I feel that.. I’m just one of two at home so a water meter 
would certainly I think reduce my bills, but that is to me... there’s an awful lot of people 
in this country with bigger families and those less well off, and actually I think a lot of 
us help contribute towards, and in that way I see that as more fair by not having the 
meter because I think everyone has a right to fresh water and we are an island, we’re 
surrounded by water, why can’t we have as much water as we want, and to use as much 
as we want, if we want to sprinkle our gardens or wash our cars or have twenty baths a 
day, everybody has a right to water and we should be able to find it in this country, but I 
do feel that there is great unfairness in the system with people that have meters or not 
meters and there are people who are naturally more careful about conserving water than 
others and the systems very unfair at the moment. An awful lot of people we know that 
sprinkle gardens have the sprinklers going all the way through the night and don’t give a 
damn about anybody else around them and meters, and I think they should come down 
harder in that area, if people are going to go for a metering service across the country 
then they’ve got to do all or nothing, go one way or the other, but it’s certainly not fair at 
the moment.
J: In that you think it should be.. I mean from what you’re saying, I’m trying to clarify, 
you think people that are using sprinklers and things like that should be metered?
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M4: Well we’ve got to take things one way or another, at the moment the system is 
unfair as it is, it’s like at the moment you still have cyclists and bicycle hats where some 
wear them and some don’t, those that don’t are frowned upon, but it’s not law, and we all 
know that when something becomes law people can accept it more, you can actually 
take action. At the moment you’ve got a system where a lot of people feel not strongly 
convinced one way or the other with a meter or not, and there are people whether 
metered or not caring about how much water is used and sometimes not, so you’ve got 
to have consistency in the system one way or the other, and at the moment you don’t 
have that and there’s a great deal of unfairness and a great deal of ill feeling about it.
J: What would you say about the Government angle that if you were to do that, the 
marginalized poorer members of the community would have difficulty if they were 
metered.
M4: Well this is my main concern against meters, but I feel if we are going that way 
then we’ve got to do it, and we’ve got to cover for that, we’ve got to make special 
concessions for people above so many per household, you know, whether it comes 
down to means assessing or not I don’t know, but whatever, there should be ways of 
covering in the system people who are less able to cope with the bills.
M2: I think that’s just a matter of how you manage the system isn’t it, I mean if you 
metered everybody, for example you could say that up to a certain volume we don’t pay 
for it at all, so you have if you like a certain social right to so much water per head, and 
you could do that and you just levy a charge on people who choose for their lifestyle to 
use more than their basic allocation
M 3 :1 think we’d all agree with that
M2: It’s a matter of how you use it rather than the principle itself.
M 5:1 think it’s a good idea but I do appreciate the concern about the right to water, and 
certainly I think it’s good to be... it’s probably more that there’ll be a certain group of 
people who are careful about the water they use and are perhaps more educated about 
why they should conserve water, to not leave taps running and things like that who are 
more likely to save money, whereas is more likely the people at the other end of the 
spectrum that need the financial benefit from it, but certainly the idea of paying per 
head makes sense - when I first lived in Oxford I lived in a shared house and four 
people paid the same as we now pay for two, so I think that’s something worth looking 
at, whether perhaps there’d be a different allowance for families compared to four adults 
living in a house I don’t know.
M l: Well I’m all for it, for, well, demand management if you like.
J: Universal metering?
M l: universal metering, yes, I accept all the issues about how to pay for it and for 
people with invalid parents or something like that have to pay the same amount and not 
have a particularly high water consumption, there are ways as M2 said of managing
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your way out of it, but I think in general we need to curb demand before we invest in 
strengthening of water supply. I don’t really know the statistics, but there’s probable 
water loss as unaccounted for water lost in the mains distribution system that you also 
have to look at, so there is a little element of hypocrisy. The other element of hypocrisy 
is that as far as the water companies are concerned they don’t really want metering for 
the reason that they know exactly how much they’re going to get from M2: over a year 
without a meter so they can plan. When they put in a meter how much are they going to 
receive? it’s probably going to be less...
M2: And that’s because there’s a much bigger incentive on me to do something about 
my overflowing header tank, because I knew I had a meter I was going to go and get 
this sorted out.
J: It’s funny you should say that because I had the same problem, and I have a meter and 
I was straight up there
M2: yes, pennies dripping out of the overflow pipe [laughter]
J: What would your reaction be if the price of water doubled overnight, or if there was a 
substantial increase
M l: Which of course may occur if everyone goes onto a water meter 
J: What would the reaction be?
M l: If it was justifiable, yeah 
J: you’d accept it?
M4: We had this question with out water bills I remember not so long ago. How much 
were we prepared to pay for our water, and, you see, we undergo all these 
questionnaires in our home, all of us, nearly every week for something or other, and we 
never see the result. I would love to have seen the result because I actually answered 
that I would be prepared to pay more for my water, to keep up the water quality, but you 
never see the results, what do they do with all this analysis?
M l: I’ll give you Thames Waters website address and you can go and have a look
M4: Really?
M l: in their customer services committee questionnaire about 67% of respondents were 
prepared to pay 20p more a year and ’this would allow us to build ... improve the 
Thames river between the Smythe Plant and ????’, that’s where it goes
M2: I think that’s really the answer to the question, it depends what it’s for, and if it 
looks like you’re getting the same water for twice the value and you look and see what 
the company is paying the shareholders, what they’re paying their senior people, I think
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if you saw a doubling of water prices and all these people taking a good rake off, and 
nothing was changed, we’d all complain. I think we’d do more than complain actually.
J: M3, anything to add?
M3: Well, I ’m the same really, I wouldn’t mind paying more, but I ’d want to know what 
I was paying for.
J: right. M5?
M5: yeah, as long as it was justified
J: So in a way, it’s got back to information provision again, you would want to know at 
least what the money’s spent on. Do you think there’s an upper ceiling limit which you 
would be prepared to pay?
M2: I suppose, as a ball park., if you saw that what you were paying per quarter or per 
year for your water was significantly different... more than what you’re paying for your 
gas and electricity I suppose that’s the kind of ball park ceiling.
J: so it has to be comparable
M2: yes I see it as being comparable, because in my mind I think of it as three utilities 
as being in the same bag.
M l: Seems to be the way these days [laugh]
M2: sometimes they are, yes
J: sorry M3, you were saying something
M 3 :1 was just saying, as long as it wasn’t as high as my phone bill [laugh]
M4: Yes I suppose that’s quite good to say it should be the same sort of parcel as gas or 
electricity, providing the services are as good under the scrutinous eye of the public as 
much as the other services, because I think they’re not quite as good as the gas or 
electricity.
J: If you assume you are all metered, what would you do on a practical level to try and., 
if this bill was suddenly increased, what would you try to do to try and get it down 
again.
M3: Well we’re quite cautious with the water we use anyway, we don’t... we all shower, 
the girls might have a bath once or twice a week, I wash everyday, but I won’t start 
washing clothes and things. We don’t water the garden unnecessarily, neither of us 
wash our cars very often, so I can’t see that we’d be able to change anything to be quite 
honest because we don’t waste water unnecessarily, we’re quite conscious of it.
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M4: How much time do you suppose they spend looking at other countries and other 
systems because I’ve been to Australia and seen people who have sprinklers going 
twenty four hours a day in their gardens, they’ve never had a water problem, never a 
water shortage and their climate is so much hotter than ours. Their drains are so much 
bigger than ours, the drainage systems around the roads, I mean they’re great big canals 
at the sides of the roads, they never seem to have all this problem with a shortage of 
water, they just use water as an when they want it. So how come we, as a small island 
have such a big problem with water? We’re surrounded with water and inundated with 
rivers and inlets and streams and everything, and we have such a big problem. And I 
think we’ve all got a level of hygiene and cleanliness in our home now that we’re not 
prepared to back on. When I was younger, you had one bath a week, I don’t know why 
that was, I think it was heating the water that was the problem then, you don’t have that 
problem now, we’re all fortunate enough for most people to have a bath a day or a 
shower a day, or even two or three in the hot weather. W e’ve got used to that, we’ve got 
used to cleaning our cars, we’ve got used to watering our plants - another area, you 
know, how many people have baskets and baskets full of flowers, when we were young 
people didn’t have lots of garden that needed attention. We are consuming a lot more 
water and how much are we prepared to go back on that. I doubt a lot of people will go 
back on a lot of that now.
M3: That’s what I was saying, that’s how we live now, and we’d find that very difficult 
to change.
M l: Yes it’s interesting peoples values because I worked in Russia for a long time, and I 
lived there, and everything is provided free, and hot water is all centrally provided. My 
cleaner used to come in and she used to turn the tap on at nine o’clock in the morning 
and leave it on to keep the sink clear and leave it on all day. I ’d come in and turn the tap 
off, and she would come and turn it on again saying ’get out of my kitchen’, because it 
would stop the cockroaches coming up. But that’s different values for you, she didn’t 
value it as a resource and it was obviously heated as well and they’re in an energy crisis 
because you don’t have to pay for it, so there’s an object lesson there.
J: So in a way what you’re saying is if the cost of water to the customer was significant 
then maybe that would change behaviour
M l: Yeah, I think it would do
J: And do you think that would work in this country?
M l: yes, I think so.
M 2 :1 think there’s a certain level as I’ve said before, like replacing a leaky header tank, 
or replacing valves on taps, things like that - the more the water costs the more 
conscious you are about doing that kind of thing.
M l: When you go back to something like the 1970’s during the oil crisis, we currently 
pay £3.50 a gallon for petrol, if you'd have told somebody that they would have said all 
cars would be off the road.
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J: And there are more cars than ever now
M l: yes, so it’s not always predictable, it’s essential that you drive here and there, and 
you become used to it, but I think peoples practises would change. You do occasionally 
go through this thing, taking the car as an example, the mile per gallon figure is 
advertised more heavily where as back in the seventies it wasn’t, so there are some 
subtle changes, but I don’t think you’d change behaviour overnight if you trebled the 
price of water.
M2: You might put a bigger water butt in to collect the rain
M4: yes, I think there are lots of ways people can help themselves in the home, I don’t 
think the water charges have gone up with demand, and I think that’s why a lot of us are 
sitting here saying we don’t mind paying a bit more because I for one realise that the 
amount of water that I consume in a week and how much I would have consumed thirty 
years ago, and I don’t think the increases in charges have gone up in line with my needs.
M l: One of the big issues though is that it isn’t a competitive environment out there. 
You have to take your water from Thames Water.
M5: I can think of one example of a friend, in their household they actually have a 
greywater recycling system where they reuse bathwater for flushing the toilet, but to 
actually shift to something like that is quite a major change.
M4: What we did when we had a water shortage, how many years ago was it? In the 
south, a lot of people like me were using all our bathwater for watering the plants, for 
doing washing outside /  bathwater was being used for the lawn, the plants, the damn 
well lot. But as soon as it’s taken off, you go back to normal again don’t you.
M2: Do you ever share a shower with a friend?
M4: Yeah! And in fact M2, I can honestly say to you that because water to me is a 
precious commodity, I actually still share a bath sometimes with the kids, or you know, 
leave the water in for me’, because we grew up doing that anyway, we used to have six 
to a bath when I was young, and it’s no problem to me, the bathwater is still clean - 
we’re bathing every day, the water’s not dirty, so to a lot of people, they still... up here 
{points to head} there’s still this ’it’s a real waste’ [attitude].
M3: Yeah, that’s what I was saying, I was brought up to be careful with water - it’s 
precious, you don’t just go chucking it away.
M l: yeah, I think people’s views and perspectives have changed because now that it’s, 
why should you be helping Thames Water’s profits by sharing a bath?
M2: I agree with that, and I think privatisation has changed perceptions of water, that 
before privatisation it was a kind of national resource that we all kind of felt we owned 
and now it’s a pic providing this as a service which pays shareholders dividends, and it’s
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objective is to maximise dividends as well as to supply water, I think there’s a different 
perception, and that’s certainly true when I was looking at Ilkley up in Yorkshire during 
that drought of the Yorkshire summer, there was a very strong feeling up there that in 
previous years when water had been short there’d been a public campaign to save water 
and people responded to that, whereas that year, there was a feeling of two fingers to 
Yorkshire Water, saying ’you’re the company, you’re making the profits and paying 
these big salaries and pay these dividends, where the water comes from is not our 
problem, it’s your problem mate’, and I was told by someone in Yorkshire Water that 
they stopped advertising to encourage people to save water because they found it was 
counter-productive. They actually found that when they put the campaigns out saying 
save water, water consumption went up.
J: So it’s a sense of ownership that you think is lost and would be helpful in bringing 
demand back down again?
M2: I think in these extreme circumstances, where you need people to co-operate 
together to conserve a resource that’s under stress, yes, I think if that resource is seen to 
be the property of a commercial company, people say well that’s nothing to do with me, 
that’s your problem.
J: Do you think more storage is needed? I mean M4, you keep referring to the fact that 
we’re on an island surrounded by water with lots of water resources, do you think we 
need more reservoirs or is there some other issue that needs addressing first?
M4: yes, I always used to say we’re not building enough reservoirs to compensate for 
increasing demand, but I don’t know whether that’s the answer or whether it’s more 
recycling. I’d prefer to go for the recycling option. You know, I think the countryside 
is suffering enough with development in every form of holes being dug and things being 
filled in too much, I’d prefer to move away from that, stop now, and go into recycling a 
lot more, I think there’s an awful lot of water that could be recycled in the home.
M3: M l: was saying about the maintenance of our drainage
M l: Yes, about twenty to twenty five percent of water that comes from the reservoir is 
lost before it comes to your tap, that’s unaccounted for
M3: yes it’s a big problem isn’t it
J: so you’d like to see leakage curbed?
M3: yes
M l: demand management and leakage control
M2: It’s demand and resource management isn’t it. It’s too simplistic to say we must 
build more reservoirs, I think with a country of this size with this population density, 
building more reservoirs is not a very easy option.
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J: The follow-up to that I suppose is the issue of environmental impact of supplying 
water, do you think the environmental impacts of treating, abstracting and supplying 
water should be considered above the economic and financial issues?
M l: I think they should be an integral part of that, you ask whether it should be either 
or, but they should be considered together
J: do you think that’s practical or realistic?
M l: yes, it is.
M 2 :1 think that’s been proved in this area, the Chiltem Society has been very vociferous 
about loss of springs and small water courses due to the over abstraction of the ground 
water, but by resource management some of these rivers have been restored to running 
water courses again, without apparently being detrimental to the security of water 
supplies. I think there is an environmental damage dimension to all this and I think 
people are increasingly aware of it too, we can’t just go pumping water out of the 
ground indifferently.
J: Are you concerned, any of you, about the environmental impact of water supply?
M4: well, we’re all concerned, I mean that’s obvious during the shortages when we see 
all our lakes and reservoirs and streams all drying up. W e’re all concerned about 
the...we carry on using water as if it’s an endless resource in this country, we don’t look 
at the catchment enough I don’t think, or the recycling or it enough, we all have gardens, 
we’ve all got buckets, what do we do when we want to water a plant? We go an get 
water from the tap, we could have rain butts in the garden and I think there should be 
greater encouragement towards the individual in their homes to think more preciously 
about water and encourage them to store it more too for the rain, you could even wash 
the car with water from the butt, you know, and use the water from the tap for the more 
hygiene things, for food and drink and so forth. We tend to use tap water for 
everything, we use it for drinking, for washing, bathing, plants, everything, whereas we 
could have two different water qualities in the home, one is for food and drink, the other 
is for car washing and watering the lawn and so forth, we don’t put enough emphasis on 
that, and I think the environmental issue is probably one of the most worrying issues to 
do with water nowadays.
J: Do you think there’s enough being done to try and address these issues?
M4: I’d like to think there’s something being done. Whether it’s sufficient....
M3: I don’t know, I mean I don’t see any posters, I don’t get leaflets through my door 
saying there’s a big effort we’ve made environmentally, I can’t really say.
M l: There’s about to be somewhere about eight billion pound spent in the next five 
years in England and Wales on what they call quality programs which is drinking water 
quality and the majority of that is for environmental improvements.
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M3: But as the consumer, how do we know about this? W e’re not really able to find out 
M l: They do more market research
M3: well, there you go, I don’t think perhaps the general public are aware, Joe Bloggs in 
their house isn’t made aware enough perhaps and people that are interested, like M4 
says, she thinks about it, she’s got an idea in her mind about how it can be changed, 
most people don’t even think about it do they, they just use their water, pay for it, use it. 
Perhaps people should be made more aware.
J: Do you think as a customer you have enough say in how water is managed?
M 2 :1 think as a customer you have no say 
M3: no
M l: You can’t choose to go to another water supplier
M2: I would love to have my water from Northumbria Water as that’s what I grew up 
with, and if I could choose I ’d love to exercise that option.
J: I’m thinking more along the lines of do you think you’ve got enough say in, you 
know, saying I ’m not satisfied with the way you’re doing this particular treatment 
system or whatever’, do you think customers should be able to go to the water company 
and say ’can you change this5?
M 5:1 think the average customer is not so aware of what goes on before the water gets 
to the tap
J: You think most people don’t think beyond the pipe
M5: they just accept that it’s there, and when it’s not up to the standard, they’ll complain 
in order to get something done about it.
M4: Well I think a lot of people hear nothing but and get sick and tired of hearing ’well 
we haven’t had a lot of rain so there’s going to be a water shortage’
M l: and it’s the wrong type of rain as well
M4: yes, and that’s what the average person hears, so it’s no wonder they’re sick and 
tired and go out and use their sprinklers on their cars or whatever, because they know, 
when there’s a real problem, they’ll hear about it. I think a whole lot more needs to go 
into education, I think again, so many people in this country only shout when the 
problems are at an extreme, they’re not interested generally in any service until; you say 
you can’t have that anymore, and then suddenly everybody wants to know and 
everybody is concerned, but yeah, I think maybe we should start by educating in 
schools, there’s a good start, education at schools, I don’t think we do know enough, but 
on the other hand a lot of people like me would expect when we’re paying our water
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fees, we would hope that we’re paying for experts to be there controlling and managing 
the water supply, what are we paying for if we haven’t got the experts there?
J: I was going to say, you talk about increasing awareness and education, yet on the 
hand you say you don’t want to receive a whole lot of bumf through your door to plough 
through with your bill, it’s quite a difficult dichotomy really.
M4: There’s always the media
J: And then there’s the complexity issue, how do you get across the complex nature of 
managing water supply
M5: I don’t expect the same level of information on electricity or gas supply - 1 don’t 
know how it gets there, or what the processes are that are involved.
J: Electricity and Gas are an interesting comparison, because they’ve always been paid 
for on a metered basis, you very rarely get an electricity or gas shortage, do you think 
people view gas and electricity in the same light as water?
M5: I was just saying about what you were talking about in terms of educating people 
more about the processes and whether they should have a say in treatment processes.
M2: I think the questions about the environment with electricity supply are even more 
contentious than water supply, and yet they’re not addressed at all.
M l: I think again, I know that a lot of water companies do fund educational 
programmes, going round to the schools and helping the children set up nature 
conservation areas, because water companies are in fact land owners of large areas of 
conservation in this country, a great deal around reservoirs, so they do a fair bit for the 
ecology and the environment. They could in terms of the education... Southern water 
ran a series of adverts on the television which were to do with Southern Water’s 
programme to clean up the beaches and they just had regular updates, but then they was 
a big outcry because they’d spent five million on putting together adverts.
M 4:1 don’t think they would do if the adverts hit home. We all know there are ways of 
putting across things to adults and children that makes them stand up and take notice, 
there’s an awful lot of campaigns that go on in this country that don’t have an effect. For 
instance litter, you can see it doesn’t have an effect because there’s so much of it around, 
yet still they try an educate children at school about litter and get nowhere. I don’t think 
the advertisers or the people who produce the stuff for the media or school really hit the 
nail on the head in a lot of areas, and I sit there at my computer and I get this little clip 
that comes up when I ’m writing a letter, you know, ’are you writing a letter, do you want 
some help with this?’ and whoever thought of that clip deserves a medal because that 
clip is a human being, that clip, every time I see it and say no I don’t, I get upset, 
because I see it get upset. I feel a responsibility towards that little clip, now if I can feel 
that about a clip on the computer, why can’t we make children and adults throughout the 
country feel a responsibility and a moral issues about something which is so important? 
But then I say it’s not just water, it’s in anyway.
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M 3 :1 can’t really follow that!
M2: I think it is a matter of education, and I don’t think sending some leaflets through 
the door is the way to do it, the way to do it is to use the media that people watch, which 
is the television, but it has to be very carefully done, because there is the possibility of 
the allegation that what are you wasting all this money just telling us about water for 
and charging us lots of money on our bills, so that has to be managed. I think you have 
to be careful it isn’t too pious. Thames Water are doing all this ’aren’t we wonderful’ 
kind of thing, it has to be at a much more educational level - this is what we are doing, 
and this is why we are doing it, without piety, so I think it’s a very fine line that you 
walk doing this, but I think there could be mileage in doing that in raising people’s 
awareness about water, where it comes from, and what the environmental issues are 
about water and what the supply and demand issues are about water. I think people do 
just assume you turn on the tap and it just appears and it’s kind of their right really.
J: The difficulty is of course that people get turned off by the subject don’t they? If they 
see something come on, they’re liable just to ignore it, how do you get over that sort of 
problem?
M2: Well it’s a classical marketing thing, you have to have a good story, you do it 
against the background of a good story, if the water company is spending a lot of money 
on treatment in order that the bathing water quality is going to be better and the beaches 
are going to be better, then you tell that as a story, but you’ve got to take the piety out of 
it. I do think that water companies, although they’re pics, take a holier than thou attitude 
- you should be grateful, we know what’s good for you.
M3: perhaps they should show a dialysis machine, you know, water that’s used in 
hospitals and why, play on people’s consciences a bit, to say just how valuable water is, 
together with how wonderful the water company is, this is what we do, you know, but 
also what water does for you sort of thing.
M4: W e’re going to have our whole water system in Wallingford updated next year, all 
the pipes are going to be cleaned and it’s going to take a whole year - it’s a big job, it 
means that while the pipes are being cleaned, you’re going to be off water for thirty six 
hours at a time, and maybe two or three times during - it’s a big job. When you think 
about, when I first thought about going without water for thirty six hours, my goodness 
me how am I going to manage without my shower first thing in the morning, and how 
am I going to store enough water for thirty six hours for my needs let alone the rest of 
the family, and then you start thinking about the people who really do need water, the 
elderly in their homes, people nursing in their homes, the hospitals, and you start 
looking around you - who will need a big supply there if the pipe is taken away and it 
really is a shock and I think we could do far more about showing this to people.
M l: How about a national no water day.
J: Well I was going to suggest that actually, do you think it would be a good publicity 
stunt to cut peoples water off?
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M4: Let them see how much they need it. But everybody would do what M2 was 
saying earlier on, that if you say there’s going to be a shortage, everybody starts you 
know... during the war my mother used to stock up on sugar, because sugar was what 
they were short of during the war, and it has that effect, if you say to people we’re going 
to have a National No Water day, people are going to be filling tubs up and basins and 
all that, and they probably won’t use it, at the end of the day they 11 pull the plugs out 
and let it all go. I don’t know whether thatll necessarily work.
J: Do you think people attach... the money they pay for their water bill, do you think 
they see that as money they are paying for the water itself or for the service of getting 
the water to the home, because there is a definite distinction.
M3: It’s a service isn’t it, being able to turn on the taps is a service.
M2: Yes, I think theyll see it as paying for a service, I think a lot of people would see 
the three utilities as being in the same box. Paying for the quantity, well we do actually 
pay a service charge don’t we, or do we? On a meter we pay a service charge plus the 
metered rate as I do for electricity and gas, yes, so if you’re on a metered supply you do
see a service element in addition to the value or rate.
J: I ’m just trying to get to this idea of placing a value on water. If people see it as the 
service that they are paying for, do you think that might be a reason why people don’t 
has a much value for the water itself?
M4: Well I tend to see it as paying for the quality of the water, that’s what I’m paying 
for. Getting that water down to me so that I can turn my tap on.
M5: yeah, I probably gauge the service by the quality and quantity of water coming out 
of the tap
M l: Yes, water itself is of very low value compared to the service 
J: But is that right?
M l: No, well, no I think that’s where you start coming into this thing of using economic 
instruments to ration water
J: Would you accept that as a demand control measure?
M l: Yes as long as the that the values used don’t go to high as there is no choice,
whereas if the government introduced a tax in the same way as eighty percent of the 
cost of a gallon of petrol is taxed by the government as a means to reduce demand 
through price.
J: Do you think people would accept a water tax?
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M l: yes...I think they would if it really was a situation where we needed to conserve 
resources
M4: I don’t think so, I think the very word tax would put people off straight away. I 
think they’d prefer to pay more for the service than be taxed
M l: Absolutely, but the tax could be introduced on water companies, so for every 
gallon they supply to someone, they have to pay 5p to the government, that’s one form 
of tax passed on through the service charge.
J: That wouldn’t necessarily do what you’re trying to do which is to reduce 
consumption...
M l: Well it would because you’re using the sewer and would be paying more for the 
service
M2: I think it’s an interesting idea, but I think if you taxed the water company on the 
volume that comes out from their supply, there’s a much bigger incentive to stop leaks 
because they’d be paying tax on the thing they’re getting revenue from, with 
interesting...
M l: at the sluice gate of the reservoir, that’s where they’d pay tax from
J: M4, you’ve already touched on this, if the cost of water was increased would you 
expect the onus for improved water use efficiency to be more with the customer or the 
water company - you sort of indicated that you thought that people had a responsibility 
to try and be more conservative with their use but do you think the water company 
should do more as well?
M4: I think we’re all in it together, the water company and us, it’s a problem that needs 
to be resolved with all of us together. We could start of by trying to educate those 
people who waste water, their not committing an offence at the moment, but they could 
well do in the future if we get legislation along on water usage, but at the moment I 
think we’ve got to get this educational program through on the users.
M2: I think it’s immensely complex, and I think personally it was a big mistake to 
privatise water because the issues about water actually complicate privatisation rather 
than help it.
J: Do you think though that efficiencies have improved since privatisation?
M2: I’m not convinced the water supply business is more efficient privatised than it was 
before it was privatised.
J: Do you think the supply network should have remained in public ownership in the 
same way that the National Grid is for electricity, but then the water companies can 
supply to wherever they like?
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M2: The problem is that it is truly a monopolistic situation, that there’s no way 
economically that you’re going to have true competition in the business of supplying 
water, the cost of the infrastructure is so high and it’s a heavy material to move around, 
therefore it’s not easy to pump water all over the country. I just think that it’s a national 
resource that we should manage as a national asset and certainly environmental 
dimensions of it are public dimensions, not private ones, so my personal view is that it 
was a mistake to privatise, that’s not a political stance, it’s purely in practical and 
realistic terms to privatise water is a mistake. So there are public issues which are very 
difficult to resolve with this kind of public-private tension.
J: Does anyone else agree or disagree?
M l: I think they had no choice but to privatise it.
J: Why?
M l: Because the Government couldn’t afford to spend the money and I worked in the 
industry throughout the entire thing, I actually worked for South West Water a year 
before and three years after it was privatised and the change was dramatic. It was really 
so much better, so much more efficient, more effective after privatisation.
M4: So who paid then in the end M l? You say the Government couldn’t afford to do 
anything, so it was privatised and they found the money - where did they find the 
money from?
M l: What you’re effectively doing is paying for it over a longer period of time, it’s the 
same in Scotland but slightly different....
M4: So the money’s the same, it’s just that it’s taken over a different period of time?
M l: Well the difference is, the Government has to borrow thirty billion pounds to 
balance or would have had to have borrowed thirty billion pounds to finance the 
programme between nineteen ninety and the year two thousand, thirty billion. What 
they’ve done instead is that that’s been raised respectively by various financial measures 
and one of them is the water charges, and that’s how we’re paying the bill.
M4: Why couldn’t the Government in the first place up the charges?
M l: Because it’s all to do with the amount of government borrowings, and the larger 
macro economic picture, how much does the country owe.
M4: Well they couldn’t wait could they?
M2: It’s all to do, this is the case with lots of privatisations, it’s all to do with 
accountancy...
M4: ’Got to resolve these problems now’
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M2: ...and where you allocate borrowings, is this public borrowing, does it affect the 
indices in the Treasury’s models and things like this, as you rightly say, in the end the 
money is borrowed and the theory as to why the government couldn’t borrow as well as 
the company pics is just the way it impacts on the perception of the economy.
M4: You see, I agree with M2 on that, it’s a basic need and a basic right of people to 
have water and it is a monopoly and it should not have been privatised. The very fact 
that it’s privatised makes people naturally aggressive or argumentative about it, it’s this 
talk of the ’fat cats’, you know, it’s all so unnecessary, it is a natural thing, it should be 
there, we have a problem with it and if we needed more capital in it, it should have been 
something we, as a country, together resolved.
M l: Like borrowing money from the United States?
M4: They could have borrowed money from us, the people of the country, that’s where 
they’re getting it from in the end anyway.
M l: But I think the Scottish model is far better than the English one, where they do 
have this sort of system of semi-privatisation through the back door, where they control 
all the assets through water authorities and what they do is identify particular schemes, 
like supply of water to Wallingford [for example] and put it out to tender to five 
companies to supply that water for the next fifteen years and a unit rate, the volume of 
water to meet this quality standard and these environmental standards.
M2: So they provide the service.
M l: They contract out the service, then you’ve got lots of companies competing 
J: Are they not bounded by geographical constraints?
M l: No, well what you do is you bid to franchise if you like to supply water. You take 
out a contract that says that for lOp per cubic meter I will supply water to Wallingford 
for the next fifteen years.
M5: So it helps keep the competitive edge.
M l: That’s right, so there’d be another one for supply to Didcot say.
M5: I think it’s interesting what you were saying M2 about Yorkshire Water and how 
after privatisation and the fact that the water shortages stopped becoming a problem for 
the general public that they had to deal with, and suddenly it’s Yorkshire Water’s 
problem, and people felt that there’s this commercial company that should be solving 
problems because they were paying these water charges, so they pushed their 
responsibilities back to Yorkshire Water, so there is something there which stops people 
working together to save water.
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M2: And the attitude is that if Yorkshire Water has to pay for a fleet of tankers to tanker 
water in, and they have to pay for bulk carriers from Finland to bring water in, well, 
tough, that’s their problem. It was very interesting.
J: Getting back to trying to control demand, if we assume metering was to become 
universal, do you think that kind of goes against the aims of private water companies in 
that the more water they sell, the more revenue they get, and yet the emphasis from the 
‘government is to try and reduce demand because of the environmental impacts, so 
there’s a bit of a conflict there - how do you think that could be resolved?
M l: The price will rise to give them the return they require. They’re allowed to put the 
prices up if the demand goes down.
M2: Ultimately you can only do that within fairly narrow limits because if water 
demand increase, OK you deliver more water and then your revenue increases but at 
some point you’ve got to spend a lot of capital increasing you supply, whether it’s 
building more reservoirs or increasing the capacity of the pipes or whatever, so I think 
there’s a limit within which you can get, if you like, a free increase in revenue just by 
selling more. The same issue runs through the supply of gas, in a sense I think it’s a 
sharper issue with gas anyway, because gas is a finite resource, and on the one hand 
you’ve got these people saying gas is precious use it wisely, but then they want you to 
use more so that you give them more money, and I think the issues of acquiring and 
storing are less of an issue with gas.
J: Do you think trying to control demand is an infringement on peoples’ rights to use 
water? M4 you’ve been saying that people have a right to water.
M4: They go hand in hand really don’t they. If our water supply was still a national 
supply then I think that.... If you’re paying for it and it’s a private company, it’s the 
psychology of it all isn’t it, like M2 was saying about Yorkshire Water. If you pay for 
the supply and it pushed you that you’ve got to pay and the charges are going up, then 
the more that you’ve got to expect it’s your right to this, that and the other, because I’m 
paying for it. But if it was something we all owned, the country together, and we had a 
problem then I don’t think you’d expect it so much as your right. I think the two go 
hand in hand, if it’s privatised you expect, you expect, you expect, if it’s not privatised 
you feel much more morally obliged to co-operate with everybody else.
M l: I don’t know, I think the key to all this is how do people value water, and you value 
it... well, that way people - you’ve got to try and engender them to control themselves if 
you like, as soon as you start imposing hosepipe bans and so on, you’re spending a lot of 
money on ’policemen’ going round trying to catch people who are trying to get around 
the ban. I think you’ve got to make people want to conserve water and that’s by 
education and by pricing. I don’t think those are fundamental infringements of human 
rights.
J: What about the role of technology in reducing water demand. Do you think the 
government or water companies should be encouraging manufacturers of domestic
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appliances to be made more efficient, or is it a customer responsibility to pick and 
choose the water efficient devices.
M5: In terms of metering, if the costs are not too high it comes down to consumer 
choice I think, because the water companies aren’t going to be interested.
J: Don’t you think the government should intervene?
M l: The government can do things to raise awareness by putting eco-labels on 
appliances that are proven to reduce consumption, like dishwashers...
M5: yes, like energy ratings
M l: I think there is something about water consumption for dishwashers
J: But do you think they should directly intervene and say ’you must now produce your 
appliances to the specification that they mustn’t use more than X volume per cycle?
M4: I think you’ve got two different types of person using them, one is metered and 
wants equipment that uses as little water as possible, and then one with or without a 
meter who is concerned about the amount of water used anyway. In which case with 
either you are going to want to see equipment on the market using less and less water 
and I think they’re moving towards that, but I think there’s a number of ways the 
government can encourage that and a lot of pressure groups encourage that too, like 
Greenpeace, they all help, plus the government in funding initiatives, so I think we’re 
moving towards that anyway.
J: So you’re happy with the way that’s going
M4: Well I suppose it could move a little faster but then nothing moves fast in this 
country. But at least people have become more aware of it in the same way that they’ve 
become aware of what sort of fridge they buy.
M2: yes it’s all a matter of perception and the climate of opinion, and where the pressure 
points are. If you are paying directly for what you use then there’s obviously a 
consumer pressure which I suppose supports the concept of water metering if what you 
want to do is reduce water usage. People will be encouraged to buy water efficient 
devices if they pay for the water that goes in them, in the same way as they buy energy 
efficient freezers because they are paying for the electricity, but they buy CFC free 
freezers because of a public perception of the public good, as a public climate of 
opinion, so I think there are two aspects to this you can play on.
J: Which comes back to the privatisation issue
M2: yes, who owns it, who’s responsible.
J Do you think technological fixes are going to be the way forward in helping to reduce 
demand or do you think it’s going to be more a cultural change that is needed?
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M3: I ’d say cultural, I don’t think people are aware enough now and I think there needs 
to be far more education about water and how it’s used not just in the home but 
throughout industry, so I think more education before equipment, but once people are 
educated, they will look at the equipment they use.
M 2 :1 think we have to remember that a large proportion of the water we use is not used 
in the home at all, it’s used in industrial processes and if you really want to save large 
volumes of water, the place to look is in the large water using industries rather than 
tweaking domestic demand.
M3: Like paper mills.
M4: What percentage of water is used by the family at home and domestic appliances? 
And I’d say that’s why that area is moving forward simply because more people are 
getting better educated on environmental issues so in a sense they’re moving forward, 
but what about the other big water users as M2: says, are they moving forward as 
quickly as we domestic users are?
J: Do you think perhaps there is more information needed on that front as well?
M4: Well I think to be able to answer a question like that, yes I think I ’d prefer to see a 
bit more information on the other water users elsewhere.
M2: I think to answer your question directly, that is where technology is more likely to 
have an impact, it’s technology in industrial processes that use water that are able to use 
less water or not use water at all.
M l: There’s quite strong drivers these days too in terms of environmental performance, 
when I was working at Enterprise Long for example, we had seven or eight forms every 
year from investors we had to fill out on environmental performance. The ethical and 
environmental performance was used to make decisions about investments based on 
annual emissions of CO2, how they were over the last five years, what they will be in 
five years time, so you had to go into all those things, there is that thing going on in the 
background of environmental performance reporting for investors, and then there’s the 
argument that it actually saves you money. There are some pretty strong drivers to 
force industrial users to reduce.
J: But not in the home
M l: no not in the home. I know water usage is going up, and things like garbage 
grinders are heavy water users, and they will become more common fittings
J: So in a way, some technology is actually counter-productive to water conservation
M l: yes, with the development of more technologies
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J: Going back to leakage, do you think water companies should try to stop all leakage, 
or is there a minimum acceptable level that people would perceive as OK
M l: As low as reasonably practical.
M2: I think the think we have to remember is that in a lot of our older cities, we do 
have a very old water distribution system, and to expect it to be leak free is quite 
unrealistic, and I think it was said at the time, when there was pressure to stop leakage, 
if the water companies have a mass program to stop all the leakage, then all the streets 
in all the cities would be dug up and all the traffic would come to a halt and there’d be 
complaints about other things, so I think it’s almost a matter of realism and a sense of 
proportion. What we know is that we don’t really know what the leakage is anyway, the 
leak is only the difference between what the water companies know they push out of 
their plants and what they guess people use by multiplying unmetered houses by an 
average so whether these water leakage figures are right or not, I don’t think anybody 
really knows, we know some must be leaking but whether the figures are correct, who 
knows? Obviously if there is pressure on the supplies, the companies have a 
responsibility to do what they can to detect or repair leaks particularly from old pipes, 
which is what’s going to happen in Wallingford which we’re all going to complain 
about, but I think there’s a limit to what the can do realistically. I think there’s a lack of 
public understanding that water leaked is not water lost, I mean it doesn’t kind of 
disappear, it goes back into the ground, back into the aquifer and back into the system, it 
isn’t lost forever, it’s just resource wasted because you’ve treated and pumped it, but it 
isn’t water lost forever to the environment. There may even be places where trees and 
such are sustained by lots of water leakage.
M l: I suspect the reason they’re digging up Wallingford is because of lead pipes.
M4: No I think it’s a program that’s part of a National thing isn’t it? That’s going on 
throughout the country as a whole. It just happens to be our turn for it and it’s going to 
take a long time.
M3: Aren’t they doing Cholsey first?
M4: They’re doing Cholsey first before us, but then it’s to improve our water quality, to 
improve the water we get out of the tap to try and combat all this...
M2: But there may well be lead pipes as M l says, it’s an old system.
M4: Well they’ve already admitted that it’s the older areas that are going to suffer badly, 
the older areas of the town, because they’ve got the oldest pipes, and they’ll need 
treating more than the new housing estates.
M l: It’s just that they get extra money for digging up pipes if there are lead pipes 
involved, they’re allowed to put up the prices on the bill. It’s a national initiative, if it’s 
simply renewal of exiting assets they can’t pass the charge through to the customer, but 
if it’s lead it comes under the Drinking Water Inspectorate programme.
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J: A lot of people when you ask about conserving water say, ’yes, but what about all this 
leakage’, so there’s a perception that there is a problem of leakage, and yet we’re saying 
to it’s unrealistic to cut it down to zero.
M4: I think a lot of people are already responsible, are already careful, ever since we 
had that really bad summer where we really did have a shortage of water in this area, 
and that’s never disappeared from my mind, and I automatically do things now that I 
wouldn’t have done before then, even now without a water shortage. It think it’s quite 
easy to educate people really. It’s an attitude that once it’s there will always stay there, 
but unfortunately we’ve had generations that just think it’s an endless resource.
J: Should wealthier members of the community be paying higher unit costs for their 
water, especially if they own things like swimming pools or large gardens, to help 
subsidise the poorer people?
M4: If they were metered they’d be paying for that swimming pool.
J: Well, yes, but on a more general level?
M4: well it comes back to what I said in the first place, if everybody pays a basic charge 
without meters then they should, those charges should be sufficient to balance out those 
further down the line who are not able to pay the extra.
M2: I think there is an issue of basic right or a basic need for water irrespective of 
ability to pay for it and that impacts on us all, because the thing that drove the 
development of water supply initially was desire for public health, the fact that we have 
access to water and use water actually affects us all because it means there’s a basic 
level of hygiene and sanitation which cut down disease etcetera etcetera so I think 
there’s a social reason why everybody should have access to sufficient water for basic 
purposes. Apart from that I would have thought people who want to fill their swimming 
pools or water their bowling greens should have to pay for it.
M l: I would be in favour of some form of tariff structure
J: That’s something that’s been discussed in various consultations, but OFWAT still 
refuse to implement something like that. Do you think people would accept some kind 
of tariff structure.
M l: There’s even one for when you use your water as a tariff structure
M4: Oh that’s Anglian Water at the moment, and I must say I was horrified listening to 
that on the radio this morning. They want to give you a discount for using your showers 
and watering your plants etcetera at midday when everybody is at work. Crazy isn’t it? 
So it’s a price incentive in order to stagger the demand during the day, but they’re not 
going to increase the price when you use it in the morning, but they are going to give 
you a cheap price to use it in the day. I mean that’s a one way street as far as I’m 
concerned, as soon as you start going down that route there’s no turning back and before
Page A-159
Decision-support for Sustainable Water Supply Management
EngD Portfolio Jason Coliins-Webb
you know where you are, those who do want a shower in the morning before work will 
have it increased.
M2: The real issue, these showers are a small consumer of water, the real issue are 
things like the washing machines and the dishwashers, maybe you should encourage 
people to do their washing off peak.
M5: In the middle of the night! Imagine living in places where your neighbours were 
doing their washing in the middle of the night.
M4: Especially with the state of my washing machine.
M3: My electricity used to be metered, not now, but we used to have economy 
electricity, and I always used to do my washing at night because it was cheaper.
M l: You also get into a routine irrespective of cost though.
M3: yes, turning it on at night, I still do that.
M l: you could have it on a timer
M3: yes, that’s what we used to do, have it on a timer. I used to chuck it on before I
went of bed and it would come on I think around five o’clock in the morning so that it
wouldn’t get too creased before I got it out in when I got up.
J: Garden watering is a very high domestic use, I think I accounts for about a third in the 
summer. Do you think the rise in popularity in gardening is responsible, and how do 
you think people can try and reduce it?
M4: It’s finding an honest system that’s acceptable to everybody, because I think a lot of 
people would agree, if you are watering your garden and your flowers, you should pay 
for it - it is not a basic need. There’s a difference between a basic need and the things 
you would like to do, you like to wash your car, you like to water your garden, but 
they’re not basic needs. The problem is finding a way round segregating that and ... you 
apply for a licence for a sprinkler, and I’ve seen people who you know damn well they 
won’t have applied, they won’t have a licence for a sprinkler, you know the sort of 
person who won’t have a licence for their car let alone a sprinkler, but what can you do 
about it? W e’re encouraged to shop on each other, but that’s not a very nice thing to do, 
and who actually does shop on each other? You don’t, there’s got to be some kind of 
fair system that’s devised, coming back to what we said in the first place, it’s got to be a 
system that’s seen to be fair to everybody. There’s a difference between basic needs and 
the things you don’t need. I would like to go and wash my car any time I want, if I want 
to do it at midnight, if I want to use sixty gallons, that’s my choice and I don’t mind 
paying for it and as often as I want. I used to feel really guilty about washing my car 
during a water shortage and I’d save it for a month or two months and it would be 
absolutely filthy. Right 111 save my bath water and feel guilty about going out with my 
bath water in case somebody thought I was wasting water, but I don’t think I should be
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put in that position, I should be when I ’m using water to wash my car, people should 
think well that’s my choice and I ’m paying for that.
J: Do you think people would accept grey water recycling or even dual quality systems 
or pipes? Do you think people would be happy with that? M l, you look sceptical
M l: Cost one, and two it’s a political no-no. there was a scheme with Northwest Water 
but they didn’t accept it. The government that turns round and permits you to fill your 
bath with less good quality water, and then somebody gets ill from swallowing the bath 
water, well most water companies wouldn’t want to be associated with it.
M2: I think that goes across the board, even using that kind of water for swimming 
pools or sprinkling the garden, I think. Also there are all kinds of legal problems with 
this
M l: What if some kids were playing in this and they swallowed some water and got 
some kind of disease that came from Thames Water. For the political reasons and 
liability reasons it goes without saying it’s not worth it.
J: What about in-home grey water recycling
M l: Again this is up to the individual consumer. If you value the water that comes out 
of the tap and it is possible to do something, recycling saves you money and is good for 
the environment, then you’ve got enough incentives to do it. But I think this idea of 
needing a licence to wash your car or something and trying to command and control is a 
way of the past, it’s giving people incentives and values to do it.
M4: This problem with using soiled water for the garden, well you see what we should 
do is take away that problem if ‘Joe’ goes outside and gets an infection from playing on 
the grass because of using that soiled water. That’s the problem area that needs to be 
eliminated, because I think everybody would be in agreement with using recycled water 
for the garden, for the cars and everything. Water is a big issue and a big problem and I 
think that’s one way around it and I think an awful lot of people would agree with that. 
What’s got to be taken away is that personal responsibility if something does go wrong.
M l: Yes, that’s right. You collecting water in a rain butt and collecting bowls of water 
and taking it out, that’s your choice, but what the issue was here was a new housing 
development. They wanted to build these eco-friendly houses and they asked 
Northwest Water if they could have raw water, or a good supply of raw water and a 
supply of potable water for drinking. Northwest Water decided against it because of 
these legal issues, these liability issues. How do they know somebody is not going to 
go drinking out of this tap, they’ll be had up in court.
M4: you wouldn’t get that you see if they hadn’t been privatised
J: You might.
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M4: No, well it seems to me that if you try to sue the government some way for 
tripping over and breaking your neck on the pavement you never get anywhere. To be 
off ill for a week from a private company you can get anything you want out of them.
J: The final question is, what would make you feel happier about the way water is 
currently managed, and given the opportunity would you vote to have the water supply 
renationalised - you’ve already kind of answered that one, but what one change that 
could be done now?
M l: I think I’d go for the model of actually having some element of outsourcing, so you 
could get South West Water services to supply Dundee for fifteen years at a unit rate.
M2: I would go along with that, you’re right it’s quite a good model, but being realistic 
we’re never going to go back to nationalising water, but a halfway house where if you 
like there’s a perception that the resource is ours where you’re just contracting out for 
someone to manage the logistics of getting it from the reservoir to the home, and then as 
you say M l:, you’ve got a real element of competition because it’s something that 
different people can do and some will do it better than others and there’s a pressure on 
them then to give a better service and you can make a judgement about it, so I would go 
along with that.
M 3 :1 agree I’d go along with that.
M4: I’d go back to nationalising.
M 5:1 think I’d be happy with the Scottish model, because it is very hard to go back to a 
nationalised service.
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4 Interview with Thames Water employee
Interviewer Jason Webb = JWf Nicholas Odd = NO
Chris Lambert, Water Demand Officer; Thames Water = CL __________ _
NO: Would you agree that Thames Water uses a large percentage of its runoff for water 
supply?
CL: Yes, we have the most intensive use of water resources in certainly in England, and 
I would say the UK, I mean we use over 50% of all available rainfall. The next 
company is I think Anglian with about 23%
NO: And is that high in a worldwide statistic for a catchment for the population...
CL: That I don’t know - I would imagine we are high yes because we have such, er, 
basically water is used a number of times within the Thames catchment. Certainly there 
will be other ones like that within the developed world, but I don’t know figures for 
other countries.
NO: IS there pressure on you to get your customers to conserve water, and who puts the 
pressure on you?
CL: There’s a mandatory duty on all water companies to promote water efficiency to 
their customers, er and that’s, Ian Byers, the Director General of OFWAT has the 
responsibility of ensuring that companies are undertaking that responsibility, but the 
Environment Agency are also actively ensuring that we promote efficiency to our 
customers.
NO: And what’s the difference between the two pressures?
CL: OFWAT have within the Water Industry Act, OFWAT have the responsibility of 
ensuring that we promote water efficiency to our customers, er, the Environment 
Agency are responsible for licensing water resources and for ensuring best use of water 
resources, so as part of that duty, they’re obviously ensuring that we’re conserving 
water. They wouldn’t grant a new licence or renew an existing licence if they didn’t 
think we were taking all appropriate measures to conserve water, so I would say both 
players are equally important.
NO: Do you think it is difficult to determine how customers will behave in response to 
initiatives to save water?
CL: Yes it is very difficult. You’re talking about the way people view an essential 
resource..
NO: You mean they feel they have a right to use as much water as need?
CL: Well, you’re talking about the total population, so some people certainly believe 
that, others naturally feel it’s important to conserve, so the way we put our policy 
together is to try and work in partnership with all customers to all try and get them
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working to conserve water, but if you ask me how much do we think well save from 
any initiative, then we simply, you know, can’t really say definitively because we just 
haven’t got enough available information from various research projects that we’re 
undertaking to be more definitive at the moment. I mean that’s a weakness that all 
companies will recognise and is something that the regulators are asking to undertake 
research on.
NO: Is it the human behaviour...?
CL: Yes, yeah the human behaviour, I mean if you’re talking about technology, then it’s 
much easier to actually determine what you can save, a new toilet for instance uses 7 
litres in capacity, whereas a old one which is 9, 91/2 litres so it’s very easy to quantify 
that, but if you’re talking about how long somebody ran a hosepipe for in the garden, 
there’s all sorts of different circumstances that can impact on that, so it is actually yes, 
the behaviour side that’s the biggest question.
NO: What do other water companies, or countries do or France, I mean do you know 
how... do you take notice of how other organisations...
CL: We do, obviously look abroad, um, the big thing to remember is that the UK is 
relatively unique in that the majority of its customers actually pay for their water on an 
unmeasured basis, so it would be difficult to draw a direct comparison with us and for 
example Europe
NO: So you’re very special I mean overall not having 100% metering in other words?
CL: That makes a very big difference yes, in terms of...
NO: So does that make it more difficult for you to control demand?
CL: I don’t know on that one to be honest. It limits what we can do in terms of, er, at the 
moment because metering is relatively low penetration in our customer base, we can’t 
use at the moment sophisticated tariffs to manage demand, whereas that’s extensively 
used for example in the States
NO: So how sophisticated are their tariffs then?
CL: Er, extremely, they vary between different states. I think the thing to remember in 
the United States water use is so much higher than what it is in the UK, we’re talking 
about it being three or four times as great, so there’s a lot more potential to conserve in 
the US, whereas there may not be the same potential in the UK, so I mean there’s all 
sorts of factors you really need to consider and its very difficult to draw a direct 
comparison. All we can do is look at what’s happened abroad and the experience they’ve 
had and what they’ve been able to achieve, but you wouldn’t be able to say it could be 
directly applied in the UK.
<break>
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CL: I ’m Chris Lambert talking here, I ’m not I would say, I couldn’t speak definitively 
for Thames Water, because obviously any policy that’s implemented clearly is a 
collective decision from a number of individuals.
NO: You are a specialist all the same
CL: Oh, yes, but some of my views may be slightly different than other people that 
collectively make the decisions.
NO: One final question, um, if people save water, or use greywater on the garden, and it 
reduces return flows, is that of concern to you?
CL: The use of Grey water on the garden is an area that we don’t know enough about 
yet because there are difficulties with the soap content in the water and the long term 
effect that that may have on the soil properties and the plants, so there’s question marks 
around that at the moment, and we’re actively doing research on all aspects of greywater 
and that is one particular thing we’re researching with the British detergent soap 
industry federation, so there is a question mark around that, but if you’re saying that if 
flows decrease back to the sewer will that be of concern to us, obviously there’s a 
potential concern there if we’re talking blockages in the sewer system and things like 
that yes. There’s also the effect on the actual quality of the water entering the sewage 
treatment works and the processes that we have in place there to treat it, I mean, we 
don’t know enough about it yet for me to give a definitive answer to your question, all I 
can say is we’re doing a lot of research on all aspects of that so that we can be better 
informed and assess what the implications might be.
JW: First of all can you explain the methods that are used to obtain water demand data 
currently?
CL: Can you be a bit more specific, what do you mean by water demand data?
JW: Well how do you get to know what the sort of demands are for particular areas and 
overall, um, what are the measurement methods you use?
CL: Right. Well essentially we measure water leaving our works and our supply area is 
broken down into a number of small individual areas that we call district meter areas, so 
we’re aware then of water going into smaller areas. We then break that water down into 
individual components of demand, which is done through... by a number of means... 
The... obviously customers in that zone that pay for their water on a measured basis we 
have a record of how much they’re using. The majority of our customers are 
unmeasured, er, domestic customers, so in terms of measuring their water use, we have 
a study panel, a representative study panel of our areas in terms of type of households, 
population that live there, um, they’re all measured, but basically they’re not aware that 
they’re measured they pay for their water still on an unmeasured basis, and once a year 
they fill in a detail questionnaire for us, but that’s the only contact they have with us, so 
we then extrapolate the information we obtain from them to our total population, so 
that’s essentially how we determine water use of unmeasured customers.
Page A-165
Decision-support for Sustainable Water Supply Management
EngD Portfolio Jason Collins-Webb
JW: How do you select the panel? Is that a random selection or..?
CL: It’s selected to be representative of the population so... I wouldn’t say it’s random, 
because we need sufficient properties to be statistically confident in the different types 
of household we’ve got, so I mean, I think particularly flats, it’s very difficult to install 
meters on flats in our area because the majority of them are common supply, and their 
plumbing is all interconnected, so if we were to use a random sample we probably 
wouldn’t get sufficient number of flats first of all so what we do is we make sure we 
have sufficient number in each individual category that we can then weight it and be 
statistically confident in the results.
JW: And those categories are based on household type or is it to do with the...?
CL: It’s a mixture that’s based on household size in terms of making sure you’ve got 
correct occupancy - there’s quite a distinct difference in water usage on the basis of 
household size, with single person households using proportionally much more water. 
It’s also representative in terms of property type, water by property type varies, if you 
live in a flat there’s obviously less potential for garden watering and things like that, but 
it’s also representative in terms of socio-economics to make sure you have the right sort 
of demographics, so all sorts of different factors are built into that.
JW: Right, and then how do you make predictions based on the data you receive from 
these?
CL: The predictions of domestic water use are based on a micro-component analysis 
approach where we using the results from our study panels to start with we are able to 
breakdown household water use down into individual components so you’re talking 
what’s used for showering, bathing, garden watering, washing machine, all individual 
components like that. And then we then forecast on that basis, and the forecast is done 
on the basis of the technology, so you’re talking about the, let’s say toilet as a classic 
example, the water use associated when you flush a toilet is currently nine litres and 
news ones seven, but going into the future, they’re coming down into six- four litre dual 
flush, so we build that into the forecast, the actual technology. The frequency with 
which people use the appliance as well, and then ownership of particular appliances are 
the three main components that are brought together to make a forecast of a particular 
water user, and then each water use component is then added up.
JW: Right, and the frequency of the use, is that based on you actually asking people or 
do you measure it specifically?
CL: We have the results from our study panel, the loggers on the study panel we 
actually monitor consumption, well we can do it on a fifteen second basis, but at the 
moment we do it on a minute basis, and there’s equipment that will actually, you can 
install particular loggers on that can actually tell you what the water in the house is 
being used for, so we have that information from the study panel, but in terms of going 
into the future, people’s use of water is likely to change, I mean people at the moment, 
there’s been an increase in what people are, um you know, taking more showers and 
things like that so we also do annually surveys of our total customer base asking them
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how they currently use water and how they think they might use it in the future, so it’s a 
combination of a number of factors.
JW: So what are the main uncertainties that creep into an analysis of this type?
CL: [short pause] Changes in technology, um, I think the biggest uncertainty is the 
behaviour side, how people actually, um, use water, how we - they tell they might use is 
very different sometimes from how they actually do use it. Some components it’s easier 
to be more definitive on, toilet flushing for example is not much potential there for 
people to drastically increase their frequency of toilet flushing, but when you’re talking 
about discretionary water use such as garden watering, things like that, that’s where the 
biggest uncertainty comes in, not only in the behavioural aspect but also in the climate 
aspect as well, so you’ve got, going into the future, the likely impacts of climate change 
on customer demand.
JW: So presumably there’s a strategy that the company has in terms of trying to manage 
this water demand...
CL: Very much so yes
JW: ..so how are the decisions made based on the data and research, what’s the general 
process for deciding how to implement the strategy?
CL: It’s a combination of a number of factors, um [pause] we’re looking at the 
economics of a particular solution, obviously any scheme we implement will ultimately 
be paid for by our customers in the fact that we charge them for their water, so we make 
sure that we’re not...we try to make sure we’re not implementing anything that would be 
non-economic, so we’re certainly looking at the economics of a particular solution. 
W e’re also looking at the risk associated with a particular solution [pause] obviously, 
when in terms of you’re going forward into the future you want to make sure there are 
sufficient resources available to meet customer demand, so when we evaluate any 
particular option the uncertainty associated with water available with that option is built 
into the decisions. We also look at the customer acceptability of a particular option, 
part of our market research is to actually ask customers for their views on particular 
options, particularly some of the demand management ones can be intrusive, in terms of 
if they involve actually going into a customer’s house and doing something, as a 
company we’re there to provide a service, we’re not there to physically tell customers 
what they can and cannot do, so we’re very much aware of the actual customer 
acceptability of an option.
JW: You mentioned risk, was that purely in terms of financial risk, or...?
CL: No it’s more than that, it’s the risk that an option will actually deliver the available 
water, I mean it’d be better if I give you an example, one thing we’ve looked at recently 
is how much we can potentially save by going into customers’ properties and actually 
doing a water audit there; by that we’re talking about replacing dripping taps, fitting 
water saving devices, giving them information on how they can save water. There’s an 
enormous question mark around when you go in and you do this, how sustainable are
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those savings long term? So that’s what I mean by risk, you can make an initial saving, 
but we don’t know if there will be just a bounce back let’s say within a year or so and 
you’re back to where you were, where you started from. So its the risk combined with 
the financial expenditure associated with any particular option.
JW : What are the most preferred demand control methods?
CL: I don’t know whether I could say there’s a preferred one, but I can tell you what our 
policy is in that that shows what we’re doing at the moment. The main component is 
actually leakage control. At the moment, leakage in the Thames area is too high...
JW: Are you talking about mains leakage or on-site?
CL: Both, mains leakage and leakage on customers supply pipes as well, so it’s both, 
um, leakage is too high and there is potential to reduce it. The, um... as you cut leakage 
back it becomes increasingly more difficult to find it, there’s sort of diminishing returns 
set in, um, we currently feel that we’re not above our economic level of leakage yet, er 
rather, we are above our economic level of leakage and there’s potential to reduce 
leakage quite considerably. So that is the main element of our short term strategy. 
W e’re also implementing metering, but it’s a selective metering policy in terms of 
customers that we feel have a high non-essential water use, we feel they should pay for 
that on a measured basis, by that I mean customers that use a sprinkler, who use a 
swimming pool, um, and we’re offering a metering option to all our customers if they 
want to move over to a meter, and that’s an option we offer them free of charge. So 
leakage control, selective metering - any new property is metered from scratch, what 
we’re not doing and what we’re prohibited from doing by legislation is to go and 
universally meter all our customers. That’s driven by a number of factors and it would 
be a very expensive option - I mentioned earlier the common supply problems, then 
there’s also the questions of social equity, um, we talk about the social acceptability of 
any particular option. In terms of demand management, er, we’re also looking to 
obviously promoting water efficiency to our customers. The approach we’ve taken on 
water efficiency is we offer them information on how they can cut back on their water 
use, and we also offer them devices to help them cut back on water use, er, and as I’ve 
said we’ve also been looking at particular options, whether we could go in and do an 
audit of their particular property or whether we give them information to enable them to 
do a self-audit. W e’re very much aware of the intrusion element in anything so the 
approach has been to advertise things to customers so that they’re aware of how they can 
cut back on water use, but not for us to physically go in and impose any requirement on 
them.
JW: Does demand management conflict with the commercial aims of the company, in 
that as a water supplier you are there to supply water and the more water you supply, the 
more revenue you generate presumably? If you’re trying to control demand and reduce 
that overall consumption, is that going to be a conflict with that aim?
CL: W e’re there to provide a service to our customers, and part of that service involves 
giving them sufficient information to not to waste water so that they can control their 
bill, that side of it. W e’re also there to provide them with a secure service, which again,
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we need to manage demand to be able to do that. In the Thames area, long term water 
resources is., there is a difficulty in supplying water long term. If we don’t promote 
water efficiency to our customers then long term we will have difficulty in actually 
being able to provide them with the water they want. So in that sense I don’t think 
there’s a conflict with the business, I mean we’re there to provide a service to the 
customers and so part of that includes encouraging them to use water wisely. And also, I 
mean, it’s information that they want and if we don’t provide that service then someone 
else would come along and do it anyway, so we’d be foolish not to.
JW: What are the main costs, I think you’ve sort of touched on it, but what are the main 
costs in actually assessing demand? [pause] In terms of your gathering of the data, is 
there a cost involved in setting up the study panels for instance?
CL: Ah yes, um, yes there’s., that’s why I talked about the economic level of leakage to 
start with, for us to monitor leakage in our area is expensive, obviously we need to 
meter on a small scale, and that information is fed back by telemetry so that we can 
accurately see what’s happening to the water in any particular area on a twenty four hour
basis, so there’s very h ig h  costs associated with that, and then for us to physically
go in and undertake, find out where the leaks are, undertake leakage control is 
expensive, er, information that we gather through the study panels is expensive. Within 
Thames we have a team of four people that actually collect information in from all the 
households and then process it, determine how much customers are using, so there’s 
four people working full time on that, but we also then have meter readers out in the 
field actually changing the loggers on the households. So yes, it is expensive definitely.
JW: Right, I ’d like to move on to the topic of metering specifically. The first question is 
do you find or know that metered customers tend to be more cautious with their water 
use?
CL: Um..[pause] certainly initial findings suggest that metered customers are using less 
water than unmeasured customers, but the difficulty is that we don’t know if we’re doing 
a like-for-like comparison. Households that were unmeasured that have chosen to be 
metered have probably chosen to be metered because they’re a low water user in the first 
place, so if we compare a single person household that currently pays for their water on 
a measured basis with one that’s unmeasured, they’re using less water definitely. W e’re 
not certain that that’s because they were a low water user already or whether they’ve 
taken measures to cut back, as part of our research we do ask them if  they’ve taken 
measures to cut back, and some say they have. [Short pause] For a house that’s built 
from new the research we’ve done suggests there’s no difference in the frequency with 
which they use their appliances, they’ve moved into the house and the meter’s already 
been there. If you look at the frequency with which they water the garden or they use 
particular appliances, there’s no difference, no statistical difference between that and an 
unmeasured household - they use less because the appliances in the new house are 
efficient, their new washing machine uses less, so what #1 can’t say for you at the 
moment is long term whether those savings would be sustained, we don’t know whether 
there’s going to be for customers that move from unmeasured to measured, whether 
there’s going to be a bounce back, because water in the UK is a very low cost resource, 
so it doesn’t comprise a very big element of the household bill. So in answer to your
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question, yes there are indications that measured customers use less, but we’re no certain 
how sustainable that will be.
JW: What sort of take-up has there been since Thames introduced the voluntary free 
metering install option?
CL: Currently about 10% of our household are..pay for their water on a measured basis, 
that will also include ones that are built from scratch, in terms of..we supply three 
million households with water, and three hundred thousand households have come 
forward and asked for us, um, have taken up our metering option, so that gives you an 
indication. That’s falling away now, but as a company we will actively start 
undertaking more promotion of water metering to customers to increase the level of 
metering within our customer base. We long term we’re looking to increase the level of 
metering to, lets say, in the region of forty to fifty percent. There’s a limit on what we 
can do on metering long term because common supply problems make it a very 
expensive option to implement, so in terms of when we come back to the economics, 
we’re not looking to go for universal metering or large scale metering because it’s just 
simply is too expensive. We feel that about forty to fifty percent is the sort of a correct 
sort of level in terms of the economics and the social acceptability of it.
JW: What sort of people generally have come forward and asked for metering, can you 
categorise them?
CL: Yes, single person, two person households, ones that really don’t use very much 
water or make a clear saving on their measured bill.
JW: So it’s purely on an economic basis.
CL: Absolutely, the savings that customers have made since they’ve been metered, I 
would say there’s an average saving of between fifty and a hundred pounds on their bill.
CL: Now one of the things that was raised at the focus group that I ran was that 
metering at the moment is a good thing because the unmetered people are subsidising 
those that are being metered, but if everyone became metered, the costs would go up 
again, is there a concern that if a large scale take up of metering took place that it would 
actually reduce the income for Thames?
CL: [pause] No, I think you need to be more aware of the tariff mechanism. The way 
we charge our customers is regulated by our financial regulator OFWAT. Part of the 
charging process includes a compensation scheme where if, where customers are 
unmeasured, if they move across to a measured tariff and there’s a substantial loss of 
income to the company associated with that, as part of the price control mechanism we 
can actually compensate for that by increasing the prices of the unmeasured customers 
as part of the compensation, that’s something that all water companies can do. So in 
terms of your question is there going to be a big loss of income to the company, then the 
answer is not really, no, because the tariff part of compensation, which is why it’s there, 
enables us to correct for that.
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JW: So there’s truth in the statement that unmeasured people are subsidising the 
measured customers?
CL: [pause] At the moment yes, in terms of when you look at the water use per head, for 
the volume of...or water use per house, a measured household is using less water than an 
unmeasured household, so in a sense the unmeasured household should pay more, 
which is what they’re actually doing. I wouldn’t say they’re subsidising. They’re paying 
for what they currently use, I think subsidising is not quite the correct term.
JW: What sort of methods has the company used to try an encourage people to take up 
meter installation?
CL: Very active promotion, we’ve mailed... every customer within Thames Water 
receives an annual water bill and as part of that they will have received information 
about our metering option. W e’ve also selectively measured, sorry, selectively mailed 
the vast majority of our customers with information about metering, and part of that 
includes a ready-reckoner where you can see what you currently pay on an unmeasured 
basis and then we give them information to enable them to estimate what they would 
use on a measured basis and then work out their bill. So we have done very active 
promotion [pause] as I mentioned earlier, the level of take-up of metering has., we’re 
certainly aware that it has fallen away over the last few months, so w ell obviously be 
looking at other ways of promoting that, of actually doing more in terms of approaching 
customers maybe through door-to-door contact, things like that, we’re looking at 
different options to use. And you can selectively mail those customers that we know 
would be better off in terms of if we look at their rateable value bill and lets say we 
know they live in a flat, there’s a very high suggestion there that theyll be a one or two 
person household without a garden, so you can get a good indication of how much 
theyll pay on a measured basis, so we can then say, you know, we think youll be better 
off if you consider the option, so we’re looking at those sorts of...
JW: You’re actually planning to do that?
CL: That’s what we’re evaluating at the moment, yes
JW: Presumably there’s an economic level at which promotional material and 
advertising becomes impractical.
CL: Well, yes, yeah, that’s...basically we, um, we’ve just reported back to OFWAT, our 
financial regulator, what we would like to do on metering, in terms of how far we think 
we can encourage customers to take up the metering option and the cost associated with 
that, and we’ve asked now, our financial regulator, if they agree with that, and if they 
will give us funding for that through our pricing mechanism.
JW: Apart from financial reasons, what are the main reasons do you think people do not 
want to be metered, or take up the metering option?
CL: Uncertainty I think. The media a few years ago, whipped up a vast frenzy against 
metering, saying how customers bills were going to escalate, when they were metered,
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and created this real sort of fear climate, that wasn’t true. The last few years have 
demonstrated that, the majority of customers that have gone on to a meter have found 
they’re better off so it’s very evident now that that fear culture is diminishing, but I still 
think a number of customers are uncertain as to how much they would pay when they’re 
on a meter. I think it’s more going to be if your neighbour’s on a meter and you talk to 
them over the fence, and they say they’re better off then that sort of contact, when they 
hear it from someone else not from us will give them more sort of reassurance, and 
theyll consider moving onto the option.
JW: If we take a hypothetical situation where every home was metered, would that 
change your demand management strategy and what main methods would you then rely 
on to control demand?
CL: I don’t think it would particularly change our strategy, it would offer us more 
potential to look at more sophisticated tariffs. At the moment we can’t do a lot on using 
different types of tariff because the penetration of metering in the customer base is low 
so you wouldn’t really be controlling many customers. I think that’s the difference it 
would make, we could look at that in a lot more detail, in terms of water that is used for 
non-essential purposes such as garden watering and things like that you can actually 
implement tariffs to control that a lot more.
JW: I’m going to skip on to pricing because it’s a lot more related to metering than other 
topics, so, first question is, how much of an influence does the price have on water use? 
I mean take it as for metered or unmetered customers.
CL: Yeah, that’s a very difficult question to answer that because um...we haven’t enough 
of our households aren’t really metered and you’re talking about elasticity of demand, I 
can’t really answer that at the moment because they haven’t been metered long enough, 
and we haven’t got sufficient information back to test that, but we don’t implement 
tariffs that sort of penalise high water use, we have a flat rate tariff, so I can’t really 
answer that one very well I don’t think.
JW: What about for unmetered, presumably...
CL: Well price doesn’t affect them at all because they pay for their water use on an 
unmeasured basis whether they use a small amount or a large amount their bill will 
remain the same.
JW: But over the last, say, twenty years, there’s been a significant rise in the water rates, 
so do you think that’s had a noticeable effect on water use.
CL: It’s had a noticeable effect of the customers’ expectations of the service we provide, 
that comes back to my point about risk that I mentioned earlier. Customers have paid 
more for their water use over the last few years, and they are no longer now prepared to 
put up with things such as restrictions on their water use like a hosepipe ban. If you go 
back ten years ago, or longer than that, part of our water resources planning was for us 
to plan to introduce the hosepipe ban, let’s say on a basis of once in every ten years as 
part of our long term strategy. The evidence during the drought in 1995 showed that that 
was no longer acceptable, customers were not prepared to, you know, accept that sort of
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draconian measure from water companies. They paid increasing amounts for their water 
use and they felt it was a service that should be available to them without being 
restrained, so that’s the impact it’s had as opposed to how much they do or don’t directly 
use.
JW: Right, so you were mentioning that you don’t have much control over the tariff 
structuring, I mean, what is the actual situation with that, what is OFWAT saying, and 
what would you like to do if you had the option?
CL: OFWAT is asking companies to look at developing more sophisticated tariffs and 
we’re actively doing research on that but at the moment the type of meter that you need 
to measure customer water use associated with somebody’s tariff is., the technology isn’t 
there yet to enable us to implement it, sort of, economically, they’re very expensive 
meters so we’re not installing them at the moment. We are looking at other types of 
tariff where, given the current meter they have in we know, say, you know how much 
an average single person household would use, so we’re looking at tariffs that would say 
average household use is X for single person household - if you’re a single person 
household, you can elect to choose this tariff, and you will have a lower rate up to X, if 
you go above X you 11..the amount you pay for water increases sort of proportionately 
so you pay a lot more, so it’s those sorts of tariffs we’re looking at. Anglian Water have 
introduced a solo tariff along that line, you know all companies are looking at things 
like that.
JW: I must say that’s something I’ve been looking at, the block tariff where you step it 
up according to the total quantity used in a period, if you introduced something like that, 
how would you go about selecting threshold levels.
CL: Essentially we would have to do trials of it to see how it works out in the field. 
Rising block tariffs are difficult because you’ve got problems there in terms of equity, 
obviously a large family uses more water because they’re using for essential use, 
whereas a two person family that’s putting loads of it on the garden, they could be using 
exactly the same amount of water, but it’s non-essential use, so you need to be aware 
then of the demographics, the information of the people in the household, and you’ve 
then got the question are they telling the truth when they fill out the forms, this sort of 
stuff, there’s a lot of factors that are difficult to assess there, so we would certainly do 
trials.
JW: Could you just explain the method that you would ideally like which uses this 
meter technology which you say is too expensive, what does that actually involve?
CL: Well it’s one where the meter tells you exactly the water that’s being used over any 
time period, so you can see during the summer for instance they’ve used a much much 
higher amount of water that’s obviously been used on the garden in comparison to 
during the winter - it enables you to have much more of an insight into the variations in 
the water use that any household is using.
JW: So why can’t you do that with standard meters at the moment?
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CL: Because you would have to be going round reading the meters once a week, which 
is just completely impractical given the number of meters we have in our customer base.
JW: Ah so you’re talking about telemetry meters then are you?
CL: Yes. I mean we bill our customers..coming back to the cost associated with 
running a metered base, we read meters once every six months, and if we were to go out 
and start reading meters once a week or something, the cost to the company would be 
enormous, to sort of run a program like that, so if there’s technology that enables us to 
look at a customers water use, while still only reading the meter once every six months, 
and we can see exactly what they’re using and when, obviously that offers us a lot more 
potential.
JW: Let’s move on to technology then. Does Thames Water encourage the use of water 
saving technology to the domestic customer and if so how?
CL: Yes. You may be aware that a few years, couple of years ago, we promoted a 
device that you put in the toilet cistern to reduce the flush volume..
JW: The H ippo’
CL: yeah, ..associated with older style toilets, but we were very definite with our 
promotion that it was for use on the older style toilets and that it’s not suitable for use on 
a new toilet, because they already use less water for flushing, so if you install one on a 
new toilet it’s not going to work and youll end up double flushing. So we made 
customers aware of the device and the circumstances under which it would be useful. 
W e’re actively looking at rewashering kits, giving customers a particular kit to enable 
them to change the washer on their tap and things like that, so yes simple water saving 
devices that it’s easy for them to implement as well.
JW: Right, but what about in terms of more large scale technology like replacing their 
toilets maybe with low flush or installing particularly water efficient devices?
CL: Within our literature we make customers aware that if you buy a new washing 
machine go for one that is efficient, if you’re fitting a new toilet, make sure it’s a seven 
litre one, so we promote it, we give them the information, but we don’t actively and 
install those devices, no. We did research in terms of customer acceptability and one of 
the options we looked at was, you know, would it be acceptable to customers if we went 
in and changed older style toilets with low flush toilets which is what they’ve actually 
done in the United States, and we had an emphatic no back from customers, they didn’t 
want that intrusion into their households, and I can understand that. There’s all sorts of 
complications associated with that, they said we’ve got this nice bathroom suite we’ve 
just fitted, we don’t want you coming in, and I entirely agree with it, I ’ve no difficulty 
with that.
JW: What about encouraging the manufacturers to actually design more water efficient 
devices?
Page A-174
Decision-support for Sustainable Water Supply Management
EngD Portfolio Jason Collins-Webb
CL: Yes, we do a lot of work with manufacturers and with housing developers. We have 
a partnership with Crest Homes, I mentioned to you earlier about doing the research on 
the greywater recycling devices as part of our partnership with Crest Homes. If you’re 
building a house from new, the economics then of installing water saving devices, you 
know, there’s no problem with the economics at all because you’re not retrofitting. 
When you retrofit something it’s much more expensive, so if you get it right at the start, 
then that’s what we’re looking ...needs to be done, so we provide Crest Homes with a lot 
of information about the optimum water fixture and fitting that can be installed that 
don’t use very much but are economic.
JW: Has Thames Water ever considered offering financial incentives to customers to fit 
water saving devices or appliances?
CL: [short pause] We have looked at it as part of our options, it was something that we 
decided at the moment wasn’t appropriate. There were great difficulties in terms of how 
do you make that money available to the customer, do you given them subsidy on their 
bill, then somebody’s got to go and check that they’ve actually fitted the appliance, that 
it’s still in there in six month’s time because they could fit something then the moment 
they get the money off the bill sell it on to somebody else. We felt that other methods 
of demand management were better.
JW: There are certain building regulations for example that can restrict water measures, 
like for instance toilet design...
CL: Well they’re water bylaws and they’re being replaced with water regulations this 
year.
JW: Right, I was going to say, do you try to lobby Government to try to get the rules 
changed?
CL: Absolutely, yeah, I mean we’re actively involved with that yes.
JW: And you’ve already said you actively research methods of reducing water 
consumption from a consumer perspective.
CL: Yeah.
JW: Can you just for the record mention about the greywater scheme that you’re 
involved in?
CL: Sure. W e’re doing a lot of work at the moment on re-use, greywater re-use both for 
domestic customers and for commercial customers. For a domestic customer you’re 
talking about in-house recycling units, and at the moment as part of our partnership with 
Crest Homes, a number of new-build households have had greywater recycling devices 
installed, and we’re actively monitoring both the water savings associated with the 
equipment, the customer acceptability of the equipment, and the water quality 
associated with the equipment. It’s a new technology, and at the moment there’s not 
enough information known about it which is why we’re actively researching it there.
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Initial findings are very poor in terms of reliability of the equipment, although it’s 
estimated that it would save up to thirty percent water use, there’s no way it saving 
anything like that at the moment. Obviously technology will evolve so that’s not to say 
it won’t change in the next few years, which is why obviously we’re doing research. In 
terms of commercial re-use of water, we have just implemented and installed the biggest 
in-house recycling system in the UK in the Millennium dome where we’re collecting 
rainwater off the roof of the dome, greywater from all the wash hand basins within the 
dome and also taking rising ground water from beneath the dome to flush all the toilets 
and the urinals within the dome. The potential for large scale commercial re-use of 
water.. I think there’s more potential there because those systems are being actively 
managed by a company or an institution or whatever, so the ongoing maintenance and 
quality problems are not likely to be as high.
JW: Can you just say what you said about the acceptability of the domestic greywater, 
you had a personal view on that.
CL: Well, it’s based on the experience that we’ve seen today with the systems, I mean, I 
wouldn’t install a greywater system in my house, because they simply are not reliable. 
Unless you’re prepared to spend a lot of time regularly maintaining the system, the 
filters within the system need to be, I would say, cleaned on at least a monthly basis - 
the manufacturers suggest they need to be cleaned once a year, and just looking at the 
systems we have currently installed in the research we’re doing on them, they foul up 
within a month and they need to be cleaned out then. So no I wouldn’t personally install 
one at the moment because the cost for installing them, you’re talking about a thousand 
pounds, it’s just not economic for the water savings you get back.
JW: Do you think that if the technology ever develops to a maintenance free greywater 
recycling system that was within the economic bounds of, perhaps certainly for new 
houses for instance, people would accept them, or do you think people would still have 
a problem with the perception of using greywater?
CL: If you could overcome the technology and the economics then I think there’s a lot 
more potential there, yes, because if you educate people then I think you can turn 
perception around, er.. [short pause] At the moment, the perception would be very 
difficult because the existing systems, um, basically the problems that have been with 
them reinforce all the peoples current perceptions of them in terms of horrible water in 
the toilet, fouling up, that’s exactly what’s happening so it would be very difficult.
JW: Do you think that would be an inhibitor to new technology as well, the perception 
of the old systems that people just wouldn’t want to be bothered with it in the future?
CL: No, I think that could be overcome through correct promotion to customers, no I 
think that could be overcome. I mean Thames with a number of other companies are 
actively involved in a project run by "Ciria", entitled buildings that save water, where 
we’re actually trying to develop best practise for greywater systems, so that, you know, 
we can show what can be done given the correct set up, you know, and what can be 
achieved. So through mechanisms like that, there’s certainly potential there.
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JW: Lets move on to information provision then. You obviously, form what you’ve said 
before, have an information policy for customers, or at least you try and provide 
information. To what degree does Thames water feel it’s responsible to inform 
customers about water conservation?
CL: Well, I’d agree with that entirely, we tell all our.. I mean we inform our customers 
annually on how they can save water through our., through information we send to them 
once a year, but in addition to that we actively mail them throughout the year with other 
information in terms of how they can conduct a water audit in their home, sending them 
information on negotiated discounts on water saving., water butts, water saving devices 
things like that, yes, we do all the time.
JW: But do you feel that maybe it should be coming from other bodies, perhaps public 
bodies as well?
CL: I mean, obviously if public bodies are doing it as well, then that’s a benefit, but the 
research we’ve done shows that customers, when you talk about water use, the primary 
person they associate with it, or the primary thing is the water company, so that’s why I 
would say it is the duty of the companies to do it, because that’s where the responsibility 
in terms of the customer is seen, but if... there’s, I would say, there’s naturally bound to 
be some sort of element of suspicion there, against, you know, the company because we 
charge them for the water they use, so if you have local authorities promoting water 
saving, then yeah, definitely it’s a bonus.
JW: So do you actually try and collaborate with other parties?
CL: Yes, we have partnerships with local authorities, and an example is Greenwich 
Housing Association in London. They., as part of their maintenance of council 
properties, we have a partnership with them where they will go in and fit hippo saving 
devices and things like that, so yes we actively collaborate with local authorities in 
promoting water use, um, water saving [laugh].
JW: Is there any way you can gauge the effectiveness of information campaigns?
CL: We have, um, we undertake monthly research amongst a representative sample of 
customers where we look at their current knowledge of water use and water saving, and 
we’re looking at how that is changing over time, and what their., you know, if they are 
changing, what is that attributable to? Is it because they’re aware of something Thames 
Water dropped through their letterbox, or Thames Water did something on television, or 
is it because they consciously bought a low water use washing machine, and why did 
they do it, so it’s something we’re actively monitoring, yes.
JW: Do you actually try to seek opinions of customers and knowledge of customers 
other than through your market research mechanisms or your feedback panels on what 
people are actually using, do you try and engage with the public on a more discourse 
type of level?
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CL: Not quite sure what you mean, we do regular research in terms of focus groups with 
customers, where we ask them, we try to find out more about what they think about 
water use, saving water, so we regularly do market research both quantitatively and 
qualitatively, er, obviously the company regularly, we do talks to local societies, thinks 
like that, um, what else were you thinking of?
JW: Well I was leading up to then ask, if you do do that, how do you actually use that 
information, specifically the qualitative information that you receive?
CL: Well that’s used to inform how we put our strategy together. When I talked to you 
earlier about whether we should go in and change a customer’s toilet with a low water 
use one, the information we got back on that was from the direct market research done 
as part of the focus groups, what did they feel if We’d gone in and did this, you know, 
would they accept it, would they think..and that’s how we got our emphatic no back on 
that, they didn’t want that intrusion into their personal space.
JW: Do you have a systematic way of dealing with qualitative information, or is it just 
that as you need it you go an get the data?
CL: No, I mean we do market research regularly to inform our long term policy, that’s 
something that’s routinely done once a year. I mean our water, our long term water 
resources strategy is not something that’s done and then put on the shelf, it’s...it evolves 
continually, so yes it’s continually being modified and updated as we get better 
information available in, which is why I said we have a number of research projects, as 
the findings from that come in and we get more knowledge on something, then our 
policy is amended accordingly if it’s appropriate.
JW: The last block of questions are to do with the environment, and the environmental 
aspects. First of all are the environmental aspects of water demand accounted for within 
your water demand management strategies, and if so how?
CL: [pause] Do you mean if our customers are saving water are we taking account of 
that or what?
JW: Well, yes, partly that, but is there, for instance if you’re trying to reduce overall 
demand is that for an environmental reason or is that for a cost reason or are there 
specific reasons that you might include the environment within that decision making?
CL: It..I mean it...it includes both, er, we’re, I mean, Thames Water has, I ’m in corporate 
now, Thames Water has four principle, you know, key principles and one of those is 
care for the environment, so yes our long term water resources strategy is to ensure the 
sustainable water use, and obviously that includes demand management, but we are a 
company, we’re a business so obviously we can’t implement policies that are 
uneconomic to that ext... or you know, you have to be aware of the economics of a 
particular option because ultimately customers are going fund that option, so we can’t 
do something that’s vastly expensive if we want to get funding for it you know through 
OFWAT, so yes it’s both, it’s, um, promoting., ensuring the sustainable use of water 
long term, together with assuming that our policy is economic and acceptable to our 
customers.
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JW: What are the main the main environmental implications of not attempting to control 
demand?
CL: Decreasing availability of water, water use in the Thames catchment is the most 
intensively used water resource system in the UK. Demand is rising, we have a growing 
population with increasing ownership of water using white goods, coupled with 
decreasing household size. All of these are bringing demand up. You’ve also got 
questions around the effects of climate change, both in terms of customers use of water, 
but also the availability of water resources. The effects of climate change are likely to 
make more extremes in weather patterns, which, the most likely effect will be to 
decrease water availability to us, so if you put all that together, we’re faced with a long 
term problem in terms of meeting customer demand, so it would be wrong to allow 
demand to just escalate in terms of the effects of that on the environment, would be bad.
JW: What about energy used for pumping and...?
CL: Yes that’s, I mean that’s an interesting point, because a lot of these, coming back to 
the greywater systems, I don’t think enough research is being done on the environmental 
effects as a whole, because to run some of these greywater systems you’ve got all the 
chemicals you put in them, you’ve got the cost of pumping the water from the basement 
to the loft all the time, when you look at the effects of that, you have to look at that as 
well as the water saving, the thing’s got to be looked at as a whole, I’d agree with that, 
which is what we’re actually doing, we’re looking at the, you know, not just the water 
that’s saved, we’re looking at the environment as a whole.
JW: So what level of priority, I mean you say it’s one of the key aspects of Thames 
Water’s corporate policy, but what level of priority is the environment given within 
supply planning.
CL: Extremely high
JW: Well, what comes first?
CL: Well the thing is, it would be, for Thames to obtain new resources, we could not 
put, we could not promote a scheme that would have a derogation on the environment 
because we, to obtain a new licence to abstract water or something, we have to obtain 
that from the Environment Agency, if they felt the scheme that we were promoting was 
going to have bad environmental effects, then we wouldn’t get permission to do it, so 
the question is sort of, in that sense, is like a non-starter, because we just wouldn’t 
promote something that we felt would have a bad effect, because know we wouldn’t get 
anywhere with it.
JW: But you rely on the Environment Agency to safeguard, say for instance 
abstractions, or do you actually...?
CL: No, we do all the work ourselves, but then we, before we actively promote a 
scheme we obviously liase with the Environment Agency about what, you know where., 
what we’re doing, whether they think., whether they agree with what we’re doing,
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everything like that. Let’s say you’re going to go for a new resource, whether it’s a 
groundwater abstraction source or whether it’s a surface abstraction, it’s most likely 
going to go to public enquiry, it would be foolish to go to a public enquiry [pause] if the 
environment agency were opposed to us, we’d have to, I mean, Thames Water and the 
Environment Agency have to be agreed before it went to public enquiry, it would be 
pointless going ahead on that basis.
JW: So what level of concern do you think domestic water customer have towards the 
environmental effects of using water? Do you have any way of gauging that?
CL: It depends entirely on the individual, some people are very aware and we’ve found 
they’re very supportive of the work we’re doing. I would say I think the majority of 
customers are supportive, I mean, it’s inevitable that some people aren’t going to be 
bothered. I think, to be honest, some people are just ill informed, which is why we, part 
of our duty is to educate customers in the correct use of water.
JW: Is that something you actively seek opinion on, that’s the environmental 
performance, or the perception of the environmental performance of the company?
CL: Yes, yes we do, as I mentioned about the ongoing market research we do, I mean 
part of that is, yeah, customers views on what they view our, what our activities are 
doing, but also finding out how aware they are of issues, is their perception of 
something wrong, if their perception of something is wrong then we need to actively 
seek to correct the situation.
JW: Do you think that customers are aware of the roles of the water companies and the 
regulators in terms of environmental protection?
CL: [pause] Difficult one that. I think there’s some confusion, yeah I would say there’s 
probably some confusion in terms of who they think has responsibility to do different 
things, yeah. Again it comes back to who and how, obviously some people are well 
informed, the majority I would say no.
JW: Do you think there’s a perception that maybe the Environment Agency are perhaps, 
oh and Thames Water, perhaps if they collaborate for instance there’s a bit of mistrust in 
terms of whether they’re protecting...?
CL: No, I think only good can come from that, which is why we actively try to develop 
partnerships with people when we promote things. Just going back to promoting 
efficient water use, we combined with Kew Gardens to encourage customers about, you 
know, to educate them on using water wisely in the garden and then we did research 
about that afterwards, and the fact that we were doing that with Kew Gardens, the 
public saw Kew Gardens as an expert, they recognised that and therefore when Thames 
said, Kew Gardens are endorsing Thames Water’s message here, that made them listen 
much more that if Thames Water simply went and said ’don’t water your garden more 
that once a week’, it makes a very big impact, that’s third party endorsement of what 
we’re doing, definitely.
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JW: OK well, there’s one final question on my list, which is, as a decision maker and 
advisor for Thames Water, what information would you ideally want available to make 
your job easier in terms of managing demand?
CL: It just has to come back to, at the moment the effects of some of these policies, on 
water use we just don’t know enough about them, on customers water use, and that’s 
something that’s only going to become available with time as we get more information 
back from our measured customers about their water use. It just has to come back to 
more data basically. I mean, before the water industry was privatised, there was, it was 
vastly, vast level of investment in it, and information about water use was just seen as 
completely, you know, non-important, which is why we have this complete deficit of 
information on that, and we’re pulling things in place to correct that, but there’s 
obviously a time gap where we’re catching up.
JW: I’ve just thought of another question, what are the main things from your market 
research and your study panels, what are the main things that your customers are 
concerned about in terms of water demand? What would they like to see changed?
CL: A secure and safe supply of water, that’s the main thing that comes back. They 
don’t want restrictions on water use in terms of hosepipe bans and things like that, they, 
it’s a service they feel should be there when they want it, not, they don’t want us to tell 
them they can’t use it for certain things.
JW: Do you think they relate the water coming out of the tap to the water in the 
environment and sort of connect that maybe water restrictions are a fact that there’s just 
not enough available resource there?
CL: [pause] Difficult question that one because in the drought of 1995 it was very badly 
managed by Yorkshire Water, and that’s what customers remember, I think that’s the 
thing that sticks in their mind is that bad management, and... it’ll take a long time to 
correct that because I think they’re... They probably associate that more than the direct 
effect on the environment.
Page A-181
Decision-support for Sustainable Water Supply Management
EngD Portfolio Jason Coliins-Webb
Precis of Forecasting Water Demand Components
This is a summary of the document entitled "Forecasting Water Demand Components - 
Best Practice Manual" published by UKWIR, 1997.
The main aim of the document is to outline methods of forecasting water demand within 
the various sectors of water users, with special relevance to water supply companies that 
need to plan water provision and licensing arrangements for future water resource 
management schemes. Of particular interest are the elements regarding household and 
industrial demand measurement and forecast. The manual is split into two main 
sections, the first containing an introduction and a description of the general principles 
of forecasting. Within the chapter on forecasting principles, the manual outlines criteria 
by which forecast methods can be assessed including consistency, logical appeal, 
incorporation of historical trends, explicit treatment of special factors, empirical 
validation, acceptance by the regulator and water industry and cost & feasibility. The 
chapter also examines the difference between simple and complex methods and what 
the industry needs in terms of forecasting. In particular, the report highlights a number 
of key issues that water companies look to when forecasting, and these include peak 
demands, water use efficiency, weather related issues, climate change and uncertainty. 
Within the second main section, the manual lists the main methods of forecasting for 
each of the most important sectors of water use. For each of these methods, the data 
requirements, method, resource requirements and assessment are outlined, and where 
appropriate a case study example is given to show the use of such methods. These 
methods are summarised in table 1 of this precis. Chapter 6 of the second section looks 
at the other issues that water companies are interested in with regard to demand 
forecasting such as peak demands and water use efficiency. Of particular interest is the 
paragraph on uncertainty which seems to suggest that formal methods of describing 
uncertainty (such as confidence intervals) is not appropriate in most circumstances, and 
seems to advocate the use of a form of game theory whereby individual scenarios are 
tested for specific cases. It does not mention methods such as Markov Chain Monte 
Carlo analysis, Bayesian nets or fuzzy logic which would allow for imprecision in 
defining variables and calculating demand. The manual also contains 4 annexes. The 
first is a summary of interviews with members of the water industry as to their
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requirements and views on current forecasting methods. The second annex takes a brief 
look at forecasting methods used elsewhere such as in the energy industry. Annex 3 
details the evaluation procedure used to assess the methods recommended in the 
manual, and the final annex briefly lists ideas for future research into the field.
Of relevance to this project, the manual recommends for household demand, both 
measured and unmeasured, to use micro-component and group micro-component 
analysis by way of interviews/ surveys. It highlights the need to identify different water 
using groups within a population and to be able to predict the impact of introducing 
water efficiency measures. The methods for forecasting peak demands appears to be 
unsophisticated, but no alternative to the application of a peak factor based on historical 
data has been suggested. No information about assessing climate change has been 
mentioned in the report, though it highlights the need for research in this area. None of 
the methods mentioned account for natural eco-system demand or for the introduction 
of sustainability targets.
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Synopsis of meeting with Mr Sandy Elsworth, Mid Kent Water 
Company 30/10/96
Structure of operation:
There are 7 zones of operation within the Mid Kent region which are based on water 
supply areal extents. These zones are metered on the water mains network so that 
transfers between zones can be monitored and overall supply rates are measured. There 
is full interconnectivity within zones so that transfers between sub-zones allow for 
demand variations within each. Transfers between the zones are limited by network 
supply restrictions. Within each zone, a number of smaller sub-zones based on water 
quality monitoring exist. These quality zones are used to protect the aquifer and control 
specific problems within these areas. The water quality zones are further subdivided into 
demand management areas (DMA) which cover approximately 1000 properties and 
allow precise control on demand monitoring, quality assurance and leakage control. The 
zone structure allows for greater planning flexibility and better supply control. The 
whole region is supplied by a network of mains pipes of varying diameter carrying water 
from boreholes, reservoirs (tank storage) and occasional external transfer. There are also 
booster pumps and treatment works in line on the network. Network management and 
optimization is a key element to effective supply, so network modeling is critical for 
resource demand modeling.
Canterbury has a Water Supply zone serving Canterbury and Heme Bay and the 
surrounding villages. There is also a Canterbury Water Quality Zone which is supplied by 
five main boreholes:
Borehole Average Daily 
Output (ADO)
Peak Daily Output 
(PDO)
Thannington 18.18 20.46
Howfields 13.64 13.64
Boughton 2.27 4.55
Hoplands 4.55 6.83
Ford 2.27 2.27
Data courtesy ofEA Southern, 1993
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As can be seen from these figures, there is not much variation between ADO and PDO, so 
Mid Kent aim to optimise the use of the license without compromising the ability to 
provide water to customers in the peak demand periods. Boughton, Ford and Hoplands are 
the main supply centres for supply during these peak demand periods.
Demand forecasting:
This is essential for effective resource planning. Demand forecasting is a regulatory 
requirement laid down by OFWAT and the Director General of Water Services, and 
periodic reviews are made every 5 years. OFWAT specify the allowable charge to 
customers by defining a K factor, which is a fixed percentage rate above or below 
inflation within which the company is allowed to set service charges. For Mid Kent 
Water, during the first review period (1994 - 1999), the K factor is currently set at 1% 
above inflation, and for the second it will be set at 1% below (-1%). This then defines the 
boundaries within which investment decisions can be based. Demand is composed of 
several sectors : domestic unmetered (which can account for up to 50% by estimation), 
domestic metered (currently around 20% of domestic supply), commercial unmetered 
(small percentage of total commercial supply), commercial metered, unbilled legal (fire 
fighting, road cleansing and other public service uses), and unbilled illegal (illegal use of 
hydrants for example). These constitute Water Delivered. Also, there is Distribution 
System Operations Use (DSOU) for pipe flushing etc. and leakage losses which account 
for 15 - 20 % of Distribution Input (the total amount of water entering the distribution 
network). In order to plan effectively, it is important to understand water use patterns 
both spatially and temporally. This is made difficult by two areas - distribution losses and 
unmetered domestic property supply, as these cannot be measured, but only estimated 
by appropriate studies.
Abstraction licenses are provided by the EA (southern region) and limits are set on how 
much water is allowed to be extracted from each borehole. On top of this are the physical 
constraints on extraction due to the nature of the aquifer, the power limits on the 
abstraction pumps and the capacity of the treatment plants. These factors lead to a 
deduction of a peak drought output (PDO) each year when the aquifer levels are low 
(usually during the summer) which often coincides with a period when demand is highest
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(also during the summer due to garden watering, irrigation etc.). The high demand leads to 
the concept of the average peak week demand (PWD) which is usually significantly 
higher than the average demand (AD). Thus, in demand forecasting, two separate 
forecasts are made based on AD and PWD. The resources must be able to cope with the 
average PWD for a limited time and with the AD for the majority of the time, even during 
a PDO period. There are two factors which are used to cope with other influencing 
factors : firstly the outage factor which allows for times when a borehole may become 
inoperational due to pump breakdown, or there may be a burst pipe, or any supply 
problem; secondly there is a buffer zone to account for unexpected factors such as 
unusually high demand. There is also a factor linked to the supply side to cope with 
particularly low recharge due to dry summers/winters. The buffer zone is usually set to 
5%.
Catchment management:
Once demand has been forecasted, resource planning can commence. Of primary 
importance in this area is aquifer protection to preserve groundwater quality. The 
Environment Agency recently won a planning appeal in Mid Kent Water’s favour against 
Safeway Stores who wanted to install a petrol station within a 50 day groundwater travel 
time zone of Thannington borehole. Each borehole in any water supply area is assigned 3 
zones of influence for protection designated by travel times for pollutants entering the 
aquifer. In the chalk aquifer of Kent, these zones are 50 day, 400 day and the whole 
catchment. A 50 day zone in chalk is quite large in areal extent due to the high hydraulic 
conductivity of the rock. Management of the borehole themselves is also important. 
Each borehole as designated is in fact several boreholes within close proximity which 
are connected to one, or maybe two pumps. They are constructed with a casing to 
prevent surface water/liquid infiltration and can be up to 50m deep (the casing) whilst 
the actual borehole can be upto 150m deep. To plan effectively, it is necessary to know 
whether they are functioning efficiently (whether the structure of the borehole and aquifer 
is stable and what is the risk of collapse), whether the construction is adequate and its 
integrity, and whether the casing is doing its job in preventing surface infiltration. The 
equipment associated with the borehole needs to be reliable and contingency planning 
needs to be considered (backup pumps and power supplies).
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Contingency planning is based on a risk approach. A risk tree is used to build up a 
picture of the likely failure points within the system and this can then be used to aid 
decisions about prioritizing investments in backup systems etc. Risk analysis is hugely 
complex due the enormous number of variables. RA forms part of a wider planning 
methodology known as strategic modeling. Strategic modeling consists of a number of 
smaller models such as risk modeling, distribution network modeling, and others such as 
economic models, climatic factors and so on.
The water companies have no powers to say how customers use the water they receive, but 
they can use metering as a method of encouraging more careful use of water. Meters are 
expensive to install, but the cost is charged to the customer. Metering allows better 
control on planning due to the greater amount of information on water usage pattern. EA 
would like to see metering applied to all properties, but have no way of enforcing this. The 
water company is introducing metering by installing them on all new properties, 
opportunistic installation of 2000 meters per year on existing properties and a policy of 
installing meters for anyone who wishes to use garden sprinklers/irrigators. Mid Kent 
have also used media campaigns to try to encourage more effective water use by 
customers.
Page A-197
Decision-support for Sustainable Water Supply Management
EngD Portfolio Jason Coliins-Webb
Table of EngD Module Assignment Results
Year Title Mark
1 Presentation Skills and Teamwork 6
1 Project Management 8
1 Sociology I 2
1 Risk Perception 4
1 Life Cycle Analysis 9
1 Environmental Auditing 10
1 Environmental Measurement 2
2 Environmental Law 7
2 Clean Technology 7
2 Risk Communication 8
2 Sociology II 8
2 Environmental Economics 5
3 Advanced Leadership P ass
3 Risk Management 8
3 Materials 7
4 Finance 5
4 Marketing 10
4 Talking to the Media 9
Average 6.5
Also undertaken were an elective module in Environmental Decision-making and a 
thesis writing course.
Marks Table
10 80-100%
9 75-79%
8 70-74%
7 65-69%
6 60-64%
5 55-59%
4' 50-54%
3 45-49%
2 40-44%
1 Under 40%
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